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IHTRODtJCTIOH 
Investigators In the field of animal husbandry have 
contributed a vast volume of essential information relative 
to the production of meat animals, but the influence of 
nutritional factors on the growth, development, and compo­
sition of their tissues is still not well understood. Some 
studies have been made which demonstrated that it is possi­
ble to influence the vitamin and mineral content of meat 
by altering the vitamin and mineral composition of the diet 
of the animal. Recently many reports have been made per­
taining to the growth promoting effects of the antibiotics 
aureomycin and streptomycin, vitamin trace minerals 
in growing-fattening swine; however, there exists little 
conclusive evidence as to their effects on the composition 
and characteristics of the pork carcasses. 
The purpose of the experiments reported herein was to 
study the effects of feeding vitamin B]L2» cobalt, and anti­
biotics on the growth performance of swine and on the com­
position of their carcasses and tissues# 
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REVIEW OP LITERATURE 
Since the isolation of vitaiEin by Rickes fct al, 
(60) and by Smith (69) much attention has baen focused 
on recent reports in which crystalline vitamin crude 
vitamin supplfctnents, and antibiotics have been shown 
to have a growth promoting effect with swine. Jukes, et al,, 
Terrill et al., Cuniia tjt al., Luecke et al.. Brown &t al, 
(I42, 79» 29, 5l» 17) and others. Despite extensive studies 
of vitamin and antibiotics in animal nutrition, little 
is known as to their effect on tissue composition. 
Vitamin appears to function in a nijmber of ways 
not all of which are clear. Thfe presence of both cobalt 
and phosphorus in the B]_2 molecule, Zucker and Zucker (86), 
is of particular interest. 
It has been suggested that vitamin Bj^2 involved in 
protein metabolism. Gary et al, (20) were the first to 
observe an interrelationship between the quantity of pro­
tein and the requirement of vitamin called fac­
tor X and subsequently the animal protein factor), Abbott 
and Jaiaes (1) found that the injection of 5 micrograias of 
vitamin 8^2 rabbits brought about a aarked positive 
nitrogen balance when the rabbits were kept on an unre­
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stricted diet. The animals ate more feed and retained 
More nitrogen than in the preceding control periods. 
Greater phosphorus retention was also obtained with the 
injection of vitamin Bi2* 
Hartman, Dryden, and Gary (37) concluded from 
studies of rats fed variable amounts of protein that 
vitamin B\2 ^ importsuit role in the utilization 
of protein, or that it affected the capacity of the 
animal to utilize protein, fhe growth rate of rats 
maintained on a 2$ per cent protein ration was increased 
several fold when supplemented with vitamin Bip>« 
Black and Bratzler (7) are in complete agreement 
with these findings as far as growth is concerned, since 
they observed that vitamin B12 is required for rapid 
growth of the rat. However, these investigators failed 
to obtain evidence that the feeding of vitamin 3^2 hiad 
any effect on nitrogen utilization. Instead they found 
that the more rapid and more efficient growth of their 
experimental rats receiving vitamin was attributable 
primarily to a greater intake of feed, as compared to 
the intake of rats not receiving the supplement. 
Chow and Barrows (Sij.) have reported studies which 
do not support the above findings. As a result of their 
work on the role of vitamin B^^S nitrogen retention 
in rats fed soybean protein diets, thesa workers con­
cluded that vitamin does not enhance the biological 
value of soybean protein, but that it may play an impor­
tant role in carbohydrate or fat metabolism. Greater 
growth rates wtre reported for these rats when the vita­
min Bx2 Gonsiimption was increased, but no increase in 
nitrogen retention on constant feed Intake was observed. 
Bosshardt ©t al. (9) found that low levels of fat in 
the diet of mice resulted in decreased growth, particu­
larly on a higii protein diet. This effect was counter­
acted by vitamin increasing the fat in the diet. 
When the fat constituted iiO per cent of the diet, addi­
tional BX2 produced no added growth response. When mice 
were pair-fed on the basis of calories, there was no 
groteth effect attributable to vitamin B2.2 to level. 
They concluded that fat appears to have a sparing effect 
on the vitamin Bx2 requirement. 
Ling and Chow (i|.7)» in studies of the relationships 
of vitarain Bx2 carbohydrate and fat metabolism, found 
that vitamin Bx2 deficient rats had mich lower body fat 
and higher water content than litter mates on the same 
diet but receiving vitamin 8^2 injection. Black and 
Bratzler (7) also showed that rats receiving a vitamin Bx2 
supplement were fatter than rats on a low 8^2 intake. 
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Evldence that vitamin 85^2 functions in the metabolism 
of aroino acids was reported by Briggs et al., Menge ©t al., 
Oginsky et al. and Eupp et al. (15» 53» 57» 6I4.). Bennett 
and Schaeffcr ©t al. (i|., 65) have reported that vitamin B\2 
was involved in transmethylation. Also Stern and McGrinnis 
(76) reported more effective mctabollsra of administered 
glycine in birds injected with vitamin Bi2» 
A considerable amount of experimental work has been 
directed towards developing an understanding of the inter­
relationships of vitamins, including vitamin B12* 
antibiotics in animal nutrition; since, it has been es­
tablished that their effects on growth are additive under 
some conditions. Because the feeding of antibiotics re­
sult in a change in bacterial flora, (certain types of 
which may synthesis© vitamins) Bridges et al, (13i l4)» 
many workers have postulated that the enhancement of 
microbial synthesis of nutrients was responsible for the 
beneficial effects of antibiotic supplementation of the 
rations. 
The results of feeding vitamin 83^2 aureomycln 
to swine have been presented by Catron et al. (22), 
Feeding 10 micrograms of vitamin Bx2 pound of ration 
resulted in a more rapid growth rate; however, these 
animals did not gain more efficiently than the control 
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group. They found that there was no interaction or corapl©-
raentary effect between vitamin Bx2 aureoraycin. On the 
other hand. Berg et al., and Stokstad and Jukes {6, 77) 
have reported growth data for chicks and poults respectively, 
which show that gains were considerably increased by feed­
ing vitamin aureoraycin, or a combination of vitamin 
®12 aureomycin. 
Using a combination of four antibiotics, Kichardson 
and co-workers, and Catron et al, (59» 23)» observed an 
interaction effect between the levels of vitaiain B12 
and antibiotics. In these experiments the antibiotics fed 
were assumed to suppress the bacterial flora. This assump­
tion was supported when it was observed that in the absence 
of vitamin symptoms of nutritional deficiency developed 
in animals fed a fortified corn-soybean basal ration. It 
was suggested that the suppression of certain bacteria by 
the antibiotics inhibited vitamin 83^2 synthesis. The ad­
dition of vitamin B]^2 ^ ^er these conditions caused an 
improved growth response. 
Linkswiller, Baumann and Snell (48) found that various 
forms of vitaiain B^, which differ in their effects on growth 
when fed without antibiotics, are nutritionally equivalent 
when fed in the presence of aureomycin. However, no meta­
bolic interrelationships were suggested. 
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Oleson and. workers (59)» tislng partially depleted 
chicks, obtained no growth stiaulation with aureomyoin, 
but a marked increase resulted when both vitamin 
and aureoiaycin were present in the diet. These workers 
concluded that each factor appears to augment the effect 
of the other. 
Lepley, Catron, and Culbertaon (iiif) observed an in­
crease in daily gains of swine maintained in dry lot and 
on pasture when 0,2$ per cent dried whole aureomycin mash 
was fed. Luecke, Iclfillen and Thorp (50) obtained an 
increase in daily gains when streptomycin was included 
in the diet. In swine experiments at Missouri, Hogan 
et al, (39) found that both penicillin and streptomycin 
increased growth rate and feed efficiency; however, 
Chloromycetin gave no improvement in growth. 
Swine experiments conducted by Lepley et al, (i|i|.) 
Indicated that Animal Protein Factor with aureomycin 
residue produced faster gains in the animals because 
these supplements controlled a non-specific enteritis. 
Jukes and workers (IfE), and Carpenter (19) have shown 
that aureoinycin improved growth of pigs with scours. 
When healthy pigs were fed different levels of aureo­
mycin by Speer et al. (7if), no growth response was 
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obtained. However, in anothfyr exp«sriBient, Catron and 
workers (22) found that different levels of aureomycln, 
5 to 4O milligrams per pound of total ration, signifi­
cantly increased growth rate and feed efficiency. These 
workers also found that the lower level of aureomycin 
was adequate to prevent scouring in pigs on a corn-soybean 
basal ration. These observations lead to the hypothesis 
that improved performance was the result of the antibiotic 
controlling disease producing organisms. In 195l» Speer, 
Maddock, Cuff, and Catron (73) showed that levels of 
penicillin as low as 2 milligrams per pound of ration 
produced faster and more efficient gains and also con­
trolled a characteristic enteritis, Hi|^er levels of 
penicillin, 10 and 20 milligraias per pound of ration, 
produced even greater gains in pigs when fed up to I80 
pounds live weight. 
Several workers have been able to obtain a growth 
stimulation in chicks by feeding antibiotics, (56, 6, 
$Z), However, McGinnis and co-workers (52) and Wlriite-
hill et al, (83) were unable to obtain a response when 
the antibiotics were injected intravenously or intramus­
cularly, thus the effect of these compounds seesas to be 
confined to the intestinal tract. 
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A nvmiher of stadiea have shown that nutrition influ­
ences the vitamin content of animal tissue. Miller and 
co-workers {^) at Pennsylvania fed rations containing 
different levels of thiamin to swine and found, that even 
though the growth rates of the pigs on the different 
rations were similar, a marked increase in the thiamin 
content of the pork tissue resulted from feeding increas­
ing amounts of the vitamin. An increase of 100 per cent 
in the thiamin content of pork imscle resulted when the 
Intake of thiamin was increased fro» 1318 to 34^7 raicro-
grams per pound of feed. Similarly, Heineraann et al. (33) 
showed a positive relationship between thiamin intake and 
deposition in the tissue of hogs. 
Couch and Olcese (2?) showed that not only was growth 
increased but also the vitamin content of the liver, 
kidney, spleen, and pancreas was increased when vitamin 82^2 
was fed to chicks. However, the presence of alfalfa meal 
fed at 10 per cent depressed growth and also tended to 
decrease the vitamin content of the tissues studied, 
Lewis, Register, and Elvehjem (lf6) assayed various 
rat tissue for vitamin I12 storage and found the kidney 
to be the hi^est in the vitaain and muscle to be the 
lowest. The liver, heart, and small intestine were found 
to rank in-between kidney and muscle in the order mentioned. 
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Peeding vltaraln B]L2 iiicreastsd the vitamin content of 
the tissues studied. 
The influence of trace minerals, particularly cobalt, 
on the growth performance of non-ruminant animals, reveals 
very little conclusive information. The cobalt needs of 
ruminants have been widely invtsstigatcid and in areas of 
cobalt deficiency, beneficial effects of di&tary cobalt 
have betjn clearly demonstrated, Th© recent discovery, 
that vitamin contains cobalt, has greatly emphasized 
the necessity for more fundamental knowledge of the nutri­
tive relationships of this element with other nutrients 
in animal nutrition. 
Cobalt is rather unique among the mineral elements 
in that a requirement for an inorganic form has been 
shown only for rminants. However, there exists the 
possibility that all farm animals may require cobalt in 
the form of vitamin 
Hale et al. (35) were able to show, that the vitamin 
S|p content of rumen ingesta of cobalt deficient lambs was 
much lower than that found in the rumen contents of non-
cobalt deficient animals. Harper and co-workers {36) 
succeeded in attempts to increase the vitamin content 
of ewes' milk by feeding cobalt to the ewes prior to par­
turition. In both these investigations, the increase in 
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vitamin 3^2. content was attributed to the vitamin Bx2 syn­
thesis by rumen microorganisms. The isork of Abelson and 
Darby (2) which demonstrated that cobalt is used in the 
synthesis of vitamin rumen bacteria provides sup­
port for this view. 
Brlggs et al, (15) found that, under certain conditions, 
cobalt is at least partially effective in counteracting 
vitamin deficiency in the chick. More recently Smith, 
Koch, and Turk (70) reported that cobalt deficient lambs 
responded to injections of vitamin 83^2 thus indicating 
that vitamin is an intermediary in the metabolism of 
cobalt in sheep. On the other hand, Braude et al. (12) 
was unable to obtain evidence of radio-active vitamin 
biosynthesis by feeding physiological doses of radio-active 
cobalt chloride to two pigs over a six weeks period. 
William and loland (Sij.) reported Increased weight 
gains for swine fed corn-soybean oil meal rations supple­
mented with cobalt, copper, iron and manganese. Dinusson 
et al, and Klosterman et al. (31» il-3) in a series of swine 
feeding experiments observed improved gains in growing-
fattening swine when the basal ration was supplemented 
with about 2 P.P.M. cobalt. When the basal ration was 
supplemented with Merk APF Ho. 3 a similar response in 
gain was noted, loblson (61) fed young pigs rations with 
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and without added cobalt and observed that weight gains 
were improved by tixfe addition of cobalt (about 7 P.P.Bf.). 
These gains were further improved when an APP ooncentrat© 
from an aureomjcin source was added with cobalt. In most 
of these experiments, data for cobalt content of the basal 
rations or of the tissues of the experimental animals were 
not given, Gornar and Davis (25) studied the fate of co­
balt in the animal body. As a result of intravenous in­
jections and oral administration of radio-active cobalt 
to svine, rabbits, cattle and calves, these workers con­
cluded that there were no differences among these species 
in regard to internal metabolism of cobalt. 
Recently a few workers have reported the effects of 
feeding vitarain B22 antibiotics on pork carcass char­
acteristics. In 1951» Bowland, Beacon, and McElroy (10) 
reported results of feeding Yorkshire swine barley-oat 
basal rations supplemented with either vegetable or mixed 
anirsal-vegetable protein. They found that pigs receiving 
an APP supplement without additional antibiotic gained 
slightly more rapidly and efficiently than the controls, 
but generally these differences were not significant. An 
APP supplement containing residual aureomycin when added 
to basal rations containing either vegetable or aniisal-
vegetable mixed protein caused marked increase in rate and 
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efficlency of gain. The carcasses in tills study were 
scored according to Canadiaii Advaxiced Registry standards; 
which include the measurements of length of side, even­
ness and thickness of back fat, balance of side, belly 
grade, area of loin muscle, and type. There was a defi­
nite trend toward the lowering of the carcass score when 
APP was fed. However, the decrease in score was greater 
when both APP and antibiotic were fed. These scores 
approached significance at the S per cent level. These 
Canadian workers point out that the deleterious effect 
on the carcass may be due to very fast gains during the 
finishing period, along with the fact that the carcasses 
were shorter. Subsequently, Bowland aiad IcElroy (11) 
found that the feeding of low levels of antibiotics 
(9 Eiilligrams of aureomycin or 1 milligram of penicillin 
per pound of ration) to pigs from weaning to slaughter 
weights of 200 pounds, resulted in a lower quality of 
carcasses according to the A. R. scoring. 
Vohs and co-workers (82) showed that the feeding of 
vitamin B]^2 concentrate increased gains, but no 
difference in the back-fat thickness of the carcasses 
could be demonstrated. This was the only measure of car­
cass quality reported by these workers. Catron et al. 
(21) showed that the addition of four antibiotics, fed 
at the rate of 10 mllligraRis each per pound of ration, 
did not produce fatter carcasses as mfcasurtd by the thick­
ness of back-fat. No differences were observed in body 
length or moisture content of the pork tissue. 
Studies of the effect of protein, antibiotics, and 
vitainin 3^2 swine carcass fatness, reported by Robison, 
Kunkle, and Cahill (62) shois the following results. In­
creasing the protein content of the ration from 10 to 20 
per cent increased the percentage of lean cuts and primal 
cuts and decreased the fat cuts, fat trir-mjings, and back-
fat thickness. They studied the effect of adding anti­
biotics to both the high and low protein rations and re­
ported no marked differences in carcass measurements, 
except for leaner carcasses from the higiier protein rations. 
In the comparison of dry lot and pasture feeding experi­
ments, with and without a supplement, it 
was demonstrated that carcasses from the pigs in dry lot 
were leaner. The antibiotic and vitamin 3^2 supplementa­
tion produced no appreciable effect on carcass fatness. 
lilson et al. (85) reported that supplementing a high 
protein ration with vitamin aureomycin had little 
effect on carcass quality. However, the feeding of high 
protein rations produced leaner carcasses than those ob­
tained from feeding intermediate or low protein rations. 
"1$-
Vltamin aureomycin, or a combination of and aureo-
mycin, when added, to the intermfodiate and low protein 
rations actually produced a higher percentage of lean cuts 
as compartid to unsupplemental groups. These workers did 
not find any differences in dressing per cent, length of 
body, or back-fat thickness between the lots of pigs within 
each protein group. 
Vestal (8l) found that the adding of vitamin B^2 
aureomycin to a corn protein ration, feeding to a slaughter 
weight of 22I4. pounds, resulted in pork carcasses that had 
0.3 inches more back-fat. However, the withdrawal of the 
vitamin 82^2 aureomycin from the ration vshen the pigs 
reached 125 pounds resulted in only a 0,07 inch increase 
in back-fat thickness, 
Jensen (I4.O) concluded that antibiotic feeding, at 
practical levels, to growing-fattening pigs did not affect 
carcass quality adversely, as measured by per cent of lean 
cuts, back-fat thickness, specific gravity, and area of 
loin muscle. 
It is quite apparent that these reports relating to 
the effect of antibiotic and vitamin carcass quality 
and tissue composition are not in agreement. It is equally 
evident that the growth rt-sponse of animals receiving anti­
biotics and vitamin 83^2 cannot b© easily explained. 
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Other' investigations have shown that vitamin 
involvfcd directly or indirectly with a number of apecific 
physiological functions, 
Shive, Ravel, and Harding (68) obtained evidence that 
purines (or their derivatives) and thymidine are essential 
for grof«th of Lactobaoillus lactis Doner in the absence of 
vitanin Vitamin these compounds although 
purines had a sligiit sparing action. Evidence obtained 
Tilth L. leidrimannii (ATCC4797) suggested indtpendfent fionc-
tions for folic acid and an animal protein factor, which 
may be identical at least functionally with vitamin 8^2 
in thfe biosynthesis of thyraine and thymidine. Rose and 
Schweigert (63) found that the amotints of dbsoxyribonucleic 
acid and ribonucleic acid in the livers of rats fed a vita­
min B22 deficient diet were significantly lower than those 
for the supplemented rats (as measured per gram of fresh 
or dry liver nitrogen). They, however, observed no dif­
ferences in the amounts of ribonucleic acid or desoxy-
rlbonucleic acid per cell. Other studies indicated that 
the rates of incorporation of glycine into the purines 
of ribonucleic acid were lower for the deficient animals. 
These studies suggested that in a vitamin deficiency 
the reduced rate of nucleic acid synthesis In the liver 
reduced the rate of cell divisions. 
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Prom studies of the role of vitamin B-j_2 methionine 
synthesis by E. coli, Dubnoff (32) concluded that E. coli 
mutant 113-3 which requires vitamin B;j^2 methionine, can 
grow and, therefore, synthesize methionine in the absence 
of vitamin 8^2 homocysteine or certain reducing agents 
which can reduce homocysteine are present. The growth-
promoting value of homocysteine was enhanced by traces of 
vitamin Bx2J however, the trace requirement for vitamin Bx2 
may be replaced by the methyl donor, dimethyl-v-propiothetin. 
These data implicate vitamin B-^2 maintaining homocysteine 
in the reduced state, however, they exclude vitamin B]_2 
a coenzyme for transmethylation for E, coli. 
Hematologic functions of vitamin have been studied 
extensively. Investigations by Borson et al, (Q) produced 
evidence that weanling rats weaned on vitamin B^2 deficient 
diets had a high mortality rate which was associated with 
leukopenia and granulocytopenia. While these manifestations 
were not the primary cause of mortality, they were indica­
tive of profound biochemical lesions. Administrations of 
vitamin Bj_2 (one microgram given subcutaneously twice 
weekly) produced prompt improvement and recovery from 
leukopenia, granulocytopenia, and anemia. Folic acid ad­
ministrations were not so effective. It was also observed 
that some animals recovered spontaneously. 
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A leucop<inia in rats induced by a methionine deficiency 
vms found by Dinning et al. (30) to be prevented by the ad­
dition of methionine to the fe&d, either in the presence or 
absence of vitamin Bi2* 7his condition could also be pre­
vented by additions of folic acid to the ration or by add­
ing betaine, folic acid and vitamin 83^2* additions of 
choline or betaine in the absence of folic acid or vitamin 
were not effective, 
Levey and Orten ( k S )  observed that daily injections 
of 3 micrograms of vitamin B]^2 I'ats over a period of 6 
weeks did not result in any significant increases in 
hemopoesis as measured by the concentration of hemoglobin 
in the blood. However, daily subcutaneous injections of 
0.5 railligraaia of cobalt produced a characteristic poly­
cythemia, The results suggest that cobalt does not pro­
duce polycythemia by way of the intemediary formation of 
vitamin B]_2* 
Stern et al, (75) studied the effect of vitamin B]_2 
deficiency upon the hemoglobin formation in the chick. 
They found that, unlike the rat, mouse, pig, fox and 
mink, the chick was able to maintain normal hematocrit 
and hemoglobin levels in an uncomplicated vitamin 33^2 
deficiency; although the growth rate was severely re­
tarded, When the vitamin deficiency was aggravated 
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by an anemia resulting from injections of phfcnylhydrazin© 
hydrochloride, vitamin shown to have a stimulatory 
action on h^smoglobin and h&matocrit. They further reported 
that in the presence of phenylhydrazine, chicks fed the 
vitamin Bx2 ^ sid significantly higher hemoglobin, hematocrit 
and erythrocyte concentrations than chicks which were de­
ficient in vitamin Bi2» Terramycin, which was fed to all 
groups and which stimulated growth of chicks on a complete 
diet, did not replace vitamin ^ growth stimulant. 
Hypophysectomized adult female rats of the Wistar 
strain were treated with dally subcutaneous injections of 
0.1, 0,3» and 0.5 Tailligrams of cobalt nitrate for $0 days 
by Crafts (28). The most striking results were obtained 
«s?ith the largest dose. The erythrocyte count in the hypo-
physectomizfed rata was elevated from a preoperative level 
of 7-9 million cells per cu. mm. to 11.6 raillionj the 
hematocrit, from i|.5.8 per cent to 60.8 per cent; and the 
hemoglobin, from 16.0 grams per 100 cc. to 21.0 grams. 
Horraal animals responded in a similar manner. Cobalt 
nitrate, therefore, was shown not only to prevent aneraia 
but actually to induce a marked elevation in the nimber 
of erythrocytes and in hemoglobin. Vitamin B-^2 liver 
extract were ineffective. 
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Lipotropic properties of vitamin Bi2 have been studied 
by Lucas et al. (49). Ho effect upon liver lipid mobiliza­
tion in the rat attributable to feeding of vitamin 8^2 to 
rats maintained on a hypolipotropic diet could be demon­
strated. 
Burns and McKibbin (l8) produced fatty infiltration 
of livers in young dogs by feeding a synthetic diet con­
taining 19 per cent purified casein and 9 ptsi* cent fat. 
Administration of vitamin 8^,2 choline alleviated this 
condition. These results suggest that the dog's require­
ment for methylating substances, like that of the rat and 
the chick, is dependent upon the vitamin B12 content of 
the ration. 
Bennett et al. (5) reported that crystalline vita­
min Bx2» ©quivdlent amounts of this vitamin, fed in 
the form of liver and animal protein, enabled rats to 
grow at practically identical rates and to maintain nor­
mal livers when on a "labile methyl" free homocystine 
diet containing folic acid. These findings indicated 
that vitamin B]^2 principal, if not the sole, factor 
in these preparations responsible for the observed growth. 
When no vitamin B]^2 fed, the growth rate decreased 
and fatty livers resulted. When the homocystine was re­
placed by methionine in the diet, the rats grew at 
-21 
essentially equal rates either in ths? absence or presence 
of crystalline vitamin B;3_2* Although the growth rate was 
low, no fatty livers were found. It would seem, therefore, 
that dietary vitarain Bx2 was not involved in the demethyla-
tion of methionine. 
Strength and co-workers (78) found that vitamin 8^2 
and folacin were ineffective as lipotropic substances when 
fed singly to rats receiving a purified basal diet supple­
mented with 0,1 per cent choline chloride. A combination 
of vitamin 8^2 folacin reduced liver fat from an aver­
age of i{.3 per cent to l8 per cent. Liver fat of the rats 
fed the basal ration fortified with 0,06 per cent and 0,12 
per cent choline chloride and with vitamin 3^2 folacin 
was equal to that of rats receiving 0,12 per cent and 0.l6 
per cent choline chloride respectively, without supplements 
of vitamin B12 folacin. Choline chloride at a 0,20 per 
cent level was approximately as effective for the mainten­
ance of normal liver fat as was the sasie level of choline 
chloride plus vitarain folacin. fhe lipotropic ac­
tivity of vitamin Bj_2 and folacin added to the basal ration 
supplemented with varying levels of betaine or dl-methionine 
exerted a marked sparing effect on the requirement of these 
substances for maximum growth, prevention of renal damage, 
and lipotropism. The addition of betaine HCl or dl-
-22-
methlonine at an 0.08 per cent choline chloride equivalent 
level, without Bx2 folacin resulted in a 100 per cent 
incidence of renal damage as compared to 13 per cent for 
choline chloride. Three moles of betalne HCl or dl-methi-
onine, when addtid to the diet supplemented with vitamin B3_2 
and folacin were as effective as one laole of choline for 
protection against renal damage and lipotropisra. Neither 
diiaethylaBilnoethanol nor methylaminoethanol fed to rats 
at varying levels was found equal to choline for growth 
proraotion and Maintenance of normal liver fat. Using a 
morti highly i>urified diet, these workers found that sup-
pleraentation with betaint or dl-methionlne at a choline 
equivalent level of 0,08 ptsr cent, plus vitamin 83^2 
folacin resulted in 100 per cent and 30 per cent renal 
damage, respectively. Wlien vitamin B]_2 folacin were 
added to the highly purified diet supplemented with aethy-
larainoethanol and dl-methionine at a choline equivalent of 
0.12 per cent, the lipotropic activity of this combination 
was equal to that of choline. The results of these ex­
periments indicate that vitamin 3^2 and folacin appear to 
be essential for the riaximum utilisation of methionine or 
betalne for the biological synthesis of choline from asilnoe-
thanol or methylaminoethanol. 
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fravers and Cerendo (90) using vitamin B2_2 depleted 
rata found that the adaini strati on af vitamin cho­
line Improved growthj however, vitamin ®12 was found to 
be without effect if choline was present in the ration at 
an adequate lavel. Hapid and uniforra depletion of vita­
min Bi_2 stores in rat livers was accomplished by feeding 
a diet containing sulfaauxldine and iodinated casein, 
but free of vitamin choline. Additions of choline 
to the diet prevented to a large extent the depletion of 
vitamin B12 liver stores. 
Using choline deficient chicks produced by a puri­
fied diet deficient in vitamin Bj^2» and Stokstad (I4.I) 
showed that the requirement of choline for -aaxiraum growth 
was greater in the absence of vitaain than in its 
presence. However, the amount of cholino required for 
prevcmting porosis was not decreased by supplying vita­
min B;^2* Betaine did not exhibit a marked effect when 
added to diets containinn an insufficient level of choline. 
Very few reports concerning the effect of vitarsia ®12 
on organ ^ 'eights of animals are available. Grahais et al. 
(34) found that the addition of 0,2$ per cent thyroid to 
a synthetic casein-sucrose diet for rats retarded growth 
and caused hypertrophy of the adrenals and spleen and 
atrophy of the thymus. The feeding of 10 per cent defatted 
liver residue counteracted growth retardation and restored 
the adrenal and thymus weights to normal; however, it was 
without effect on the spleen. Liver concentrate M.P. (15 
per cent) had very little effect on growth or on the ad­
renal, but tended to restore the thymus and spleen to nor­
mal. Vitamin B12* ® level of 30 micrograms per 
prevented hypertrophy of the spleen produced by thy­
roid feeding. 
In a study of the vitamin 8^2 requirement of pigs, 
Catron et al. (23) showed that there were no significant 
differences in hemoglobin or red and white blood cell 
counts of pigs fed different levels of vitamin 
Feeding of increasing amounts of vitamin 8^2 the pigs 
resulted in lower liver weights; however, the amount of 
vitamin B12 gram of liver and total vitamin 8^2 
liver increased. 
Studies of the function of vitamin living 
organism, represented in these citations, emphasize a need 
for additional research. Wliile it is evident that vita­
min 83^2 ^ critical nutrient, the hypotheses that are 
available do not provide completely satisfactory explana­
tions concerning its effects on the animals• 
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The experiments reported herein were designfed to ex­
plore further the effects of vitamin Bi2> cobalt and anti 
biotic ftjeding of the pig. 
"ZS" 
EXPERIMEOTAL 
Vitamin Cobalt, and Antibiotic Studies 
Experiment $13B 
Plan, The purpose of this experiment was to Investi­
gate the effect of vitamin 3^2 cobalt supplementation 
of purified rations on the growth and tissue composition 
of swine. A combination of four antibiotics and a sulfa 
drug were fed at high levels to one half of the experi­
mental animals In order to determine the influence of an­
tibiotics on the response of the pig to cobalt and to 
vitamin 3^ 2• 
Weanling pigs were selected from sows that were main­
tained throughout lactation on corn-soybean oil meal rations 
fortified only with vitaains A and D2 and minerals contain­
ing no added cobalt. Care was taken to select only thrifty 
pigs which were as uniform as possible. All pigs were 
wormed with a ration containing 0.5 per cent sodiijm fluor­
ide for two days prior to allotment. The pigs were sprayed 
with benzene hexachloride at the time of allotment and each 
was placed in an individual feeding crate. 
In the no antibiotic series of studies, three litters 
of k pigs each were used. The four pigs from each litter 
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were randomly allotted, one to each of four ration treat­
ments, basal, basal 4 vitamin B12* basal + cobalt, and 
basal + vitamin Bx2 + cobalt. Thfcs© pigs were placed on 
the fcxperimfental rations Junt I8, 1951• In the antibiotic 
series of studies two litters of 8 and Ij. pigs each isere 
used. In this instance, therefore, 2 pigs from the larger 
litter and 1 pig froai the smaller litter were randomly 
assigned to each ration treatment. These pigs were started 
on the experimeiital rations June 23, 1951 • 
The pigs were confined in individual wire floored 
crates which mure supplied with individual self-feeders 
and wateriiig pans. The crates were thoroughly washed 
three or four times daily as a precaution in preventing 
coproghagy. liach pig was removed from the experiment and 
slaughtered as it reached 100 pounds. 
A purified basal ration, consisting of Ortho 220 pro­
tein, dextrinized corn starch, corn starch, and corn oil 
plus methionine, a complex vitamin mixture containing no 
vitamin Bi2» C.P. minerals, and trace minerals containing 
no cobalt is shown in Table 1. This basal ration was de­
ficient in vitamin 83^2 deficient in cobalt. The 
basal ration contained 0.10 P.P.II. of cobalt, the ration 
Ingredients contributed 0.0if9 P.P.M. and the C.P. minerals 
0.051 P.P.M. To this ration vitacin Bx2» when added, was 
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Table 1, Composition of the basal rations* 
% 
Ortho 220 protein®^ 18.00 
Dextriniaed corn starch 18.91 
Corn starch (pearled) 51-til-
Corn oil if. 00 
Methionine Premix® 1.00 
Vitamin Premix lo. 12® (less B^p) 1.00 
Trace mineral mixtur®® (less Co; 0.10 
Mineral mixture Ho, 1^® 5*00 
Iodized salt 0.25 
®0rtho 220 manufactured by the Drackett Products Co., 
Cincinnati, Ohio. Analysis: H x 6.25, HgO, 10^; 
Ash, 1.5-2.0^. When fed to provide a level of 18% in the 
final ration, contributed the following amounts of amino 
acida in %i histidine, O.I4.3J lysin®, I.I6; methionine, 
0.l8| phenylalanine, O.Q6i threonine, 0.65; tryptophan©, 
0.17j valine, 0.91s sernie, l.l5j tyrosine, O.56; alanine, 
0.6lj cystine, O.lOj isoleucine, 1.10; leucine, 1.26; and 
arginine, 1.14-1. 
^Contributed 0.6i|.?C methionine to the ration. 
^Vitamin Premix No. 12 supplied the following amounts 
of vitamin per pound rations 
Alpha-tocopherol acetate 1.5 »g. Para amino 
Ascorbic acid 25.0 « benzoic acid 0.5 fflg. 
Biotin 0.2 » Pyracin 1.0 It 
Calcium pantothenate 6.0 « Pyridoxin© 1.0 p 
Choline chloride 1^50.0 ti Hiboflavin 1.5 H 
fblic acid 0.5 H Thiamin 1.5 n 
Inositol 200.0 11 Vitamin K 1.0 n 
niacin 15.0 « Vitamin A 
acetate 2000.0 I.U. 
Vitamin I>2 400.0 U.S.P 
units 
^Contributed to the final ration in P.P.M. Pe-70, Mn-60, 
Zn-20, GU-8, & P-1. 
®Mixtur© of C.P. grade salts, iSpPOi, 25.8^# CaHPOt, 26.2, 
CaC03 30.0^ , MgSOij. 7 H2O 18^ . 2 li.  ^ k ' 
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added at the rate of 10 micrograms per potmd of ration, 
and cobalt, when added, was added at the rate of 3 milli­
grams per pound of ration. 
The antibiotic supplemented rations contained a mix­
ture of four antibiotics added to provide 100 railligrams 
each of aureomycin hydrochloride, streptomycin (as the 
free base), terramycin hydrochloride, and procaine peni­
cillin G per pound of final ration. Also, sulfathalidine 
was included at the rate of 100 milligrams per pound of 
final ration. The antibiotics and the sulfa drug were 
removed from the rations 3 days before the animals were 
taken off the experiment for slaughter as a precaution 
against subsequent interference of the antibiotics with 
the microbiological assay for tissue vitamins. 
An individual record of feed consumption and gain 
in weight was made on each pig at weekly Intervals. 
The animals were slaughtered when they reached 100 
pounds live weight. Immediately following the dressing 
of the carcass, the liver, kidneys and spleen were weighed. 
Samples of these organs, and of the loin muscle (longis-
siraus dorsl at the last rib), and of the haui (gracilis 
and adductor) were removed and inimediately weighed, minced 
by chopping with a knife and dried under 23 to 28 inches 
of Hg vacuum at 75 ± for 16-214. hours to determine 
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ffloisture content. The water free tissues after grinding 
in a mortar were subjected to ether extraction to deter­
mine the fat content. Samples of fat and water-free 
tissue were then prepared for analysis for total nitrogen 
and phosphorus. 
The carcass measurements were made after the carcasses 
were chilled for 2k hours at 3U-36°P. Specific gravity 
data were obtained on these carcasses by weighing in air 
and in water. 
The femur bones were removed from the right and left 
haas and saved for further study. The bones were weighed, 
break strength recorded, and were then ground and dried 
after which fat, organic matter and ash determinations 
were made. 
The vitamin assays were made on liver, spleen, 
and kidneys which were sharp frozen at -30°P for 214. hours 
and stored at 0°P until analyzed. Loin and ham were sharp 
frozen after the carcasses were cut (2ij. hours after 
slaughtering). After sharp freezing, these samples were 
stored at 0®P. All frozen samples were wrapped in alumi­
num foil to minimize moisture losses. 
Cobalt analyses were made on frozen loin and liver 
samples by a method developed in the laboratories of the 
Calcium Carbonate Company, Quincy, Illinois, 
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ii* l^loianamill 313 raaintained on yeast, peptonized 
milk, and dextrose medium fortified with added vitamin 83^2 
was used for the vitamin B3_2 assays. Transfer of the cul­
ture «aa made every two days. The basal aitidium finally 
selected for the vitamin analysis was easentially that 
developed by the U.S.P. collaborative comittee. The mag-
neaiuffi content of the media was doubl&d and cysteine HCL 
(5 mg per tube) was used as the reducing agent. Crystal­
line vitamin 83,3 (Lederle lot Ho MP 94-73-5) was used as 
the standard. All assays were carried out with a total 
volume of 10 ml. per tube. The tubes were autoclaved 
for 5 Minutes at 15 pounds pressure and Inoculated with 
1 drop of a 12-16 hour inoculum (washed 3 times with 10 lal. 
lots of basal medium and suspended in 20 ml. of basal 
medium before use). Assay tubes were Incubated for l5-l8 
hours at 37*5 G* Turbidity readings were mad© in aa 
Evelyn colorimeter using the 66O filter, Ihlle consider­
able work was done on the preparation of the tissue for 
the vitamin 8^2 assay and on the influence of reducing 
agents on the assay values for this vitamin, detailed 
results are not shown since several reports relative to 
these problems have appeared since this study was made? 
Scheid and Schwelgert, Broquiat et al., and Cooperraan 
et al. (67, 16, 26). 
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A auBuaary of the influence of various sample treat­
ments on the apparent vitamin B-jp content of several tis­
sues is shown in Table 2. Blank corrections for vitamin 
®12 applied to samples treated with pancreatin and 
crude trypsin. 
Crude preparations of all but one sample of pancreatin 
gave high blanks. In the case of muscle tissue where the 
vitamin content is always low the blank correction often 
accounted for more than 25 per cent of the total potency. 
Crystalline trypsin was therefore used for the "release" 
of vitamin B|g from muscle. Th© autoclaving of samples with 
small amounts of KCH gave maximal values for apparent vita­
min liver, spleen, and kidney. The response of the 
organism to increasing amounts of muscle tissue was much 
less marked than that observed when liver tissue was used. 
This probably indicates that the apparent vitamin B12 
tivity of th© muscle was not exclusively due to vitamin B]_2* 
For this reason direct comparisons between apparent vita­
min Bi2 activity of muscle tissue and that of liver, spleen, 
and kidney tissue are not valid. Shive et al. (68) has re­
ported that desoxyribosides or related substances influ­
ence th© microbiological values of vitamin B12 tissues 
low in vitamin Attempts to use the alkali correction 
method for measuring interfering substances gave highly 
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fable 2. Apparent vitaraln content of tissue as 
influenced by sample treatment. 
Apparent 
Sample®" frials Treatment Vitaaln 
mcg«/ga. 
Lamb liver 2 20 mg. pancreatin 9.3 
» « 2 20 mg. crude trypsin 11.2 
» M 2 Autolysis 2i}. hours 7.0 
^ 1 
Pork liver 6 20 mg. pancreatin 12.2 0.6^ 
« M 8 1^0 rag. pancreatin 12.2 + 0.3 
tt If 3 Autolysis 2lj, hours 8.0 0.5 
n ft 3 Autoclave 3 rain, at 




n n 3 Autoclave 3 min. at 10.0 0.9 
15 lbs. with 40 mg. KCH 
n n 2 Autoclave 3 min. at 
15 lbs. no KCI 
11.0 
n n 2 Autoclave 3 min. at 
15 lbs. 10 mg. KCH 
7.5 
« n 2 10 mg. crystalline 7.5 
trypsin 
5.0 n II 2 Autolysis 214. hours 
Pork loin tissue k 10 mg. crystalline 0.8 ± 0.2 
trypsin 
0,5 w H n 2 Autoclave 3 min. at 
15 lbs. 10 mg. ECU 
» If » 2 Autolysis 2l| hows 0.5 ft n n 3 20 mg. pancreatin 0.5 
ml. of homogenate containing 1 gram of tissue and 
incubated under toluene at 37°C at pH 7*5 for 2if hours was 
used for all enzymatic digestions. Samples treated with 
ICI and samples subjected to autolysis were adjusted to pH 
7.0 and incubated for Slj. hours at 37®C. 
b „ Standard deviation of the means of 3 "bo 8 independent 
assays. The mean value for each assay is the average of 
duplicate determinations at four levels of tissue. 
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variable results and was therefore not employed. The 
Influence of alkali on assay values has bfcen studied 
by Scheid and Schwfcigert, (66). The valu&e reported 
in this study for vitaiain B^2 therefore mort accur­
ately described as apparent vitamin B22 a<^tivity, 
Rfesults and disoussion. Data on average daily gains, 
avfcragfe daily feed, and feed per 100 pounds gains are pre­
sented for the* no-antibiotic and antibiotic supplemented 
groups in Tables 3 ^ d If respectively. Figures 1 and 2 
show the average live weight increases of the two groups 
of pigs from weaning to 100 pounds slaught&r weight. 
fhe analysis of this experiment must b© considered 
in two parts. A 2x2 factorial plan for the no-antibiotic 
group and also a 2 x 2 factorial plan for the antibiotic 
group since the two groups of animals were started on ex­
periment at different times. All references to statisti­
cal significance in the following pages will b© at P » 0.05 
or leas. 
In Figure 1, it will be noted that it took about one 
week for the pigs to adjust themselves to the rations. 
Table 3« Saiamary and analyses of variance of avisrage daily gains, 
feed consmnption and feed per 100 pounda 
gain, no-antibiotic pigs. 
Expfcriment 5l3B 
Dally Gain, lbs. Daily Fteed, lbs. Peed Per 100# Gain 
Ho Bi2 AV. Mo Bi2 Bi2 Av. No Bi2 ®12 Av. 












Av. 1.15 1.32 2.79 2.99 244 228 














Litters 2 0.109i|.0 0.2169 763 
Treatments 3 0.0I4693 0.1092 285 
Vitamin B-ip 
Cobalt 













Expt*l. Error 6 0.00307 0.06i|.7 381^ . 
''Significant at P = 0.05 or less. 
Average initial weight of pigs was 36.25 pomids. 
Table '14., Smam&x'j and analyses of variance ol" average dally gains, 
feed consumption and feed pep 100 poimds gain, antibiotic 
fed pigs. Experiment 513B. 
Daily Gain, lbs. Daily Peed, lbs. Peed Per 100# Gain 
^12 ®12 Av. Ko Bi2 Bi2 Av. No 8^2 Bi2 AV. 












Av. 1.36 l.i|.3 2.88 3.05 218 216 














Litters 2 0. oi+ao 0.0$dk 180 
Treatments 3 0.0062 0.0860 19$ 
Vitamin 83^2 
Cobalt 













Ixpt'l, Error 6 0,017k 0.0439 70S 





- I  50 
BASAL+B.O+ Co 
> 30 
BASAL + Co 
BASAL 
20 
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DAYS ON FEED 
Pig. 1 Average live weights of pigs receiving the 







UJ BASAL 4- Co 
40 
BASAL + B,5,+ CO 
BASAL + Bi2 LU 
< 30 
20 
42 28 35 49 0 7 14 21 
DAYS ON FEED 
Pig. 2 Average live weights of pigs receiving the anti 
biotic supplemented rations. Experiment 513B. 
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This ;?r.ay be accounted for in part by the fact that the 
pigs had been held for about 10 days after weaning on a 
corn-sojbean ration befoi^e the feeding trial started. 
They then averaged 3^*2 pounds. However, the pigs re­
ceiving the antibiotic rations. Figure 2, were started 
on experiment Immediately aft^r weaning and had not ae-
Gustomed themselves to any particular ration and «ere 
also lighter in -welsht, averaging 22.9 pounds. A steady 
growth rat© isaa maintained throughout th© entire feeding 
period. 
In the case of the average daily gains in the no-
antibiotic group, the average effect of cobalt supple­
mentation was not significant. The average effect of 
vitamin supplementation was to increase significantly 
the rat© of gain. This was due almost entirely to its 
effect in the absence of cobalt. The daily gains of the 
pigs receiving both vitamin B-^2 cobalt were not sig­
nificantly greater than the gains of those pigs receiving 
cobalt only. In the no-antibiotic trial, there were no 
significant effects of vitariin ^12 or cobalt on dally 
feed intake or feed efficiency. 
The inclusion of antibiotics in the ration resulted 
in the elimination of those differences found significant 
in the absence of the antibiotics. There was an apparent 
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general Increase in rate of gain, a result of improved 
feed utilization but little change in daily feed intake 
values. 
The basal ration used in these studies was designed 
to provide a vitarain 3^2 deficient diet low in cobalt. 
Chemical analysis for cobalt proved that the basal ration 
cannot be considered cobalt deficient. While the cobalt 
requirement of the pig has not been established, it has 
been reported by Askew and Dixon, and Pilmer and Under­
wood (3» 33) that 0.1 mllllgra» of cobalt per day would 
prevent or cure a deficiency in a sheep. Since the pigs 
on the basal ration consumed an average of 3 pounds of 
feed per day during the experimental trials, a cobalt 
intake of l.I|. rag. per pig per day was assured. This 
amount of cobalt is far in excess of the quantity ap­
parently required by the niuch more cobalt sensitive 
animal, the sheep. This fact must be considered in any 
interpretation of the results of these studies. 
The differences in the digestive processes of rumi­
nant and non-ruminant animals offer a logical explanation 
as to why the pigs in this experiment did not respond to 
cobalt feeding and why vitamin supplementation in the 
absence of antibiotics improved growth performance. This 
conclusion, however, offers no explanation for the improved 
-1^ .1-
growth performance of pigs receiving the high levels of 
antibiotics {approximately 100 times the recommended 
practical feeding lewis) and no vitaiain 7^" 
pothesis that high levels of antibiotics permit micro­
bial synthesis of vitamin 82,2 "tii® intestinal tract 
because certain micro-orgp^nisms can flourish in the pres­
ence of antibiotics is attractive but it has not b©en 
proved. Another sug^^^ation is that hi^ levels of anti­
biotics inhibit the synthetic activity of micro-organisms 
and that nutritional deficiencies could develop as a con­
sequence. The resxilts of th©s« experiiaents offer no sup­
port for this hypothesis nor do they provide any evidence 
against it. 
fhcs© experiments Indicate that increasing the cobalt 
content of the ration from 0.1 P.P.M. to 2.88 P.P.M. did 
not improve the growth performance of the pigs. An ex­
planation for the difference between the weight gains of 
animals ftd the basal ration and vitamin 0^2 and 
the gains of their litter mates which received the com-
bination of vitamin B12 ^ tnd cobalt C»o-aJ^tll>iotic group) 
cannot be given. Since lobison (6I) was able to deiaon-
strate itsproved weight gains in pigs fed supplemented 
rations containing about 7 P.P.M., it would appear that 
the 2.88 P.P.M. of cobalt in th© supplemented rations 
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used in this study should not have provided an excessive 
intake of cobalt. 
On the other hand, Speer, et al, (72) observed that 
pigs on rations supplemented with trace minerals grew 
better when fed rations containing less cobalt than 2,88 
P.P.M. This observation suggests that the optimum level of 
cobalt in the pig rations is less than 3 P.P.M. However, 
definite proof for this is not available from these studies. 
The excellent growth performance observed in animals 
on the rations deficient in vitamin containing 
a large quantity of antibiotics suggests that antibiotics 
modified the need for dietary vitamin BI2. 
An explanation for the response of the pig to anti­
biotics in the absence of vitamin been offered by 
Hlchardson et al. (59# p. 373). 
The pigs receiving the basal ration includ­
ing antibiotics but without vitamin 1^2 gained 
significantly (P » 0.01) less than those receiv­
ing the basal ration alone. It appears that tlie 
antibiotics adversely affected the intestinal 
flora, including those which synthesize vitasiii 
Bip and also those that compete with the pig for 
vltaiain These pigs grew poorly because no 
vitamin was supplied in the ration and appar­
ently vitamin B12 synthesis in the intestinal 
tract was inhibited. 
The present data offer no evidence which would suggest 
that antibiotics inhibited intestinal synthesis of vitamin 
®12* variations in results may suggest that the 
effectiveness of antibiotics in promoting growth of swine 
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may be influencfcd by the typo of ration used# 
In Table 5 is shown the result of microbiological 
plate counts mad© on fecal samples collected from the 
various lots as indicated. At the end of the feediiig 
period, the largest musiber of glucose fenaenters, proteo­
lytic organisms and greatest total coimt were in the sam­
ples collected froa the pigs on the rations suppleiBented 
with vitaain Bx2 the absence of antibiotics. The 
pigs on this ration, basal vitamin also had the 
best gains. There were fewer streptococci, coliforms, 
and fungi in the vitamin 1^2» vitamin 3^2 cobalt 
lota than in the basal group. The cobalt lot with essen­
tially the same and increased numbers of coliforms, and 
streptococci, respectively, showed somewhat slower gains 
than the basal pigs toward the end of the feeding trial. 
When antibiotics were fed, bacterial populations in 
pigs receiving the vitmin Bj^2» cobalt, and vitamin 82^2 
and cobalt rations were generally increased over those 
found in pigs on the basal plus antibiotic ration, 
Datafor baclc-fat thickness, specific gravity and 
per cent lean cuts are shown in Tables 6 and ?• These 
carcass data from the animals not fed antibiotics show 
no effect of the additions of vitamin 1^2# of cobalt, or 
the combination of vitamin cobalt. 
Table 5* Mlorobiological plat© counts made on ffecal 
samples collected at the end of the feeding trials. 
Experiment S13B. (Values x 10°) 
dlucose Medium 
Acid ^3 
Former S' Fonaira Streptococci 
Ration 7/3 7/13 7/3 7/13 7/3 7/l3 
Basal 200 11 195 10 1.3 14.6 













Basal 200 34 95 30 29 
+ Gas 
00.0 



























26$ 7 • 14* 8.8 23 58 3.5 6 
i5 3 2.3 2 .1  91 95 0.5 14.0 
121 6 12.1 2 .0  156 59.5 1.0 30 
53 3 1. 0.5 58 26 0.0 O.i 
93 1 57 17.5 no 16 0.0 2.1 
k2 25 65 21 48.0 3kO 0.0 2.i 
k3 31 58 360 113 690 6.5 130 
ko 11 58 60 112 202 0.5 11.1 
Table 6. Svramary and analyses of variance of back-fat thickness, 
specific gravity, and percent of lean cuts from pigs 
on the no-antibiotic rations. Experiment 5l3B« 
Back-fat Thickness, In. Specific Gravity Percent Lean Cuts 
No Bi2 ®12 No B12 Av, Ho Bi2 Bi2 AV* 
No Co 1.1 1.2 1.2 i.oi^3 1.035 1.039 54.54 53.03 53.78 
Co 1.0 1.0 1.0 1.041 1.035 1.038 55.48 57.13 56.30 
Av. 1.1 1.1 1.0142 1.035 55.01 55.08 
Analyses of Variance 
Mean Squares 
Source of Degrfoes Specific 
Variation of Freedom Back-fat Gravi ty Lean Cuts 
Litters 2 0.0065 0.000016 2.559 
Treatments 3 0.0151 0.000035 8.814 
Vitamin Sl2 1 0.0070 0.000080 0.0147 
Cobalt 1 0.0330 8L 19.0000 
BI2 ^  Co 1 0.0052 O.OOOOZk 7.426 
Expt'l, Error 6 0.0311-3 0.000022 6.508 
®Ijess than ,000001 
Table 7« Siirnmary and analyses oi* variRnce of back-fat thickness, 
specific gravity, and percent of lean cuts from pigs 
on the antibiotic rations. £xpyr3.i;ient 513B. 
Back-fat Thickness, in. Specific Gravity Percent Ltan Cuts 
Ho B22 ®12 Av. ®12 ®12 Air. No Bi2 BI2 Av. 












AT. 1.1 1.2 1.014.1 1.038 53.86 52.48 





of Freedom Back-fat 
Specific 
Gravity Lean Cuts 
Litters 2 0,0053 0.000011 3.686 
Treatments 3 0.0236 0.000031 10.274 
Vitamin Bip 
Cobalt 













Ixpt'l. Error / 5 0.00I4.9 0.000005 4.0397 
^Significant at ? » 0.0^ or Issss 
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In the antibiotic fed pigs, the only differences 
found in carcass data were an increase in back-fat thick­
ness due to the interaction of vitamin cobalt 
and a lower specific gravity due to this same interaction. 
A axjmmary of the various organ weights is found in 
fables 8 and The weights of these various organs, 
liver, spleen, and kidneys, were found to vary within 
rather narrow limits. However, on the average, the pigs 
receiving the rations containing vitamin B]^2» cobalt, or 
vitamin and cobalt had lighter livers than the basal 
group. Hote the interaction Bx2 * Table 9# 
The weights, break strength, marrow, and fat content 
of the femur bones from both groups of animals are shown 
in fable 10 and 11. It can be noted that the feeding of 
vitamin absence of antibiotics was associated 
with a trend in lower bone fat and marrow weights and 
significantly lower break strength. However, the other 
data showed that the differences were not statistically 
significant. 
In the presence of antibiotics, the marrow weights 
and fat content of the bone appeared to be affected by 
vitamin feeding. These differences were not sig­
nificant. 
Table 8. Suramarj and analysis of variance of certain 
organ weights from the pigs on the no-antibiotic 
rations. lacperiment $13B, 
Liycir, ©Jis, Kidney, gms. Spleen, @ns • 
No Bi2 Bi2 Av. No ®12 Av. No Bi2 BI2 Av. 














Av. 1088 io5i|. 181 182 63 58 
Analyses of Variance 
Source of Degrees 
of Freedom 
Mean Squares 
Variation Liver Kidney Spleen 
Litters 2 14.0,096 902.0 11^ 3 
Treatments 3 2.0% ii.8 .0  27 
Vitamin B-jp 
Cobalt 












Expt'l. Error 6 956 286.5 35.66 
Table 9. Summary and analyses of variance of certain organ 
weights from the pigs on the antibiotic rations. 
Experinient 513B. 
Liver, gms. Kidney, gms. Spleen, goxs. 
Ho B3_2 B12 Av. No Bi2 %2 Av. No Bi2 ®12 Av. 
Mo Co 1029 870 949 138 173 180 67 77 72 
Co 896 955 925 172 184 179 67 65 71 
Ar, 962 912 181 178 67 71 
Analyses of Variance 
Source of Degree Mean Squares 
Variation of Freedom Llvtsr Kidney Spleen 
Litters 2 14,896 520 9 
TreatHients 3 14,884 201 83 
Vltaoiin Bto 
Cobalt 













Expt'1. Error 6 3,849 119 40.3 
^Significant at P « 0.05 or less 
Table 10. Sianmary and analyses of variance of bone data 
from pigs on the no-antibiotic rations. 
Experiment 5l3B. 
Bone Wt., gMS. Break Strength Marrow wt. .  graa. Pat, Percent 









630 500 565 10.9 







Av. 126 12i|. 638 543 9.5 6.2 17.9 16.1 






Bone Wt. Break Strength Marrow Wt. Fat Percent 
Litters^ 1 15 ii5o 5.78 14.60 
Treatments 3 35 8,500 12.00 3.65 
Vitamin 
Cobalt 















Expt'l. Error 3 74.66 1,017 5.43 8.75 
®Only 2 litters used, 
^Significant at P = 0.05 or less. 
Table 11, Summary and analyses of variance of bonts data 
from pigs on the antibiotic rations, 
ibxptiriment 5l3B. 
Bone ®t,, gras. Break Strength Marrow Wt,, gsis. Pat, Percent 










735 3.i|. 3.1 14..6 4.7 16.5 i«.o 11.3 10.ij. 13.5 16.2 13.8 
Av, 127 131}. 703 760 i|.,8 3.8 13.9 13.3 
Analyses of Variance 
Source of .Degrees 
of Freedom 
Mean Squares 
Variation Bone Wt, Break Strength Marrow It. P'at Percent 
Litters®^ 1 72.61 3,612 3.91 0.89 
Treatments 3 50.33 3,746 3.96 20.12 
Vitamin 
Cobalt 
















Expt»l. Error 3 2i4..46 4,213 1.59 10.08 
%jily 2 litters used. 
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The analytical data for the kidney, liver, spleen, 
and loin tissues are shown in Figures 3, ii-, and 5 and 
fables 12 and 13. The water content of these tissues 
when calculated to a fat free basis showed that there waa 
a significant difference in the water content of kidney 
tissue from animals fed vitamin B^g and cobalt in the 
absence of antibiotics. The feeding of vitamin Bx2 
cobalt by theitiselves tended to increase the water content 
of the kidney, but when fed in combination, the water 
content was reduced to the same level as the basal group. 
Ifote Interaction ^ Co Table 12. There were variations 
among the data for the fat content of these t5.ssues. Sig­
nificant differences in fat content for loin muscle tissue 
and for kidney from the no-antibiotic fed animals were 
found. The data show that the differences were associated 
with the average effect of adding cobalt to the rations. 
These differences show no consistent relationship betwtsen 
the ration fed and tissue fat content. 
The nitrogen data failed to show any consistent 
effect which could be related to the variations in ration 
treatments. 
The phosphorus data show rauch greater consistency 
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Pig. 3 Summary of tissue analysis from pigs receiving 
the no-antibiotic rations.i/ Experiment 513B« 
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NITROGEN"^ PHOSPHORUS^ VITAMIN B||^ FAT 
% mg/gm 






1 2  13.012.7 
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I [BASAL 6 12 ^+Co + B| gt Co 
Jv Water and fat- free basis 
Fig. 5 Siammary of cobalt analysis from the pigs receiving 
the no-antibiotic and antibiotic rations, 1/ 
Experiment 5l3B. 
Tablts 12, Stmanary of average valufcs for certain fractions 
in pork tissue (no-antibiotic rations), 
Ixperiment 513B. 
Des- Tissue Kidney 
crip- Treat- Ho 
tion ment ^v. 
Liver 
No 


















Vit. Mo Co 
Bip Co 






80.S 81.8 (31.1 
31.6 79.9 80.8 
11,1 80.9 g/ 
70,3 70.5 70.4 
70.9 71.3 71.1 
70.6 70.9 
79.2 76.6 77.9 
79.0 78.1 7Q.6 
79.1 77.4 
ho Co 16.9 20.3 13.6^ / 12.6 14.9 13.8 16.3 20.3 18.3 
Co IS.8 15.1 15.5^ li|..0 10.9 12.5 16.8 21.7 19.3 
Av. 16.4 17.7 13.3 12.9 16.6 21.0 
Ko Co li|..0 13.7 13.9 
Co 13.7 12.9 13.3 
Av. 13.9 13.3 
11.1 11.i|. 11.3 
11.4 11.3 11.4 
11.3 11.4 
13.6 13.3 13.7 
13.6 13.0 13.i^  
13.6 13.i+ 
No Co 11.6 13.3 12.7, / 10.5 12.0 11.3 12.0 13.3 12.7 
Co 11.6 10.8 11.2M 11.3 10.5: 10.9,,/ 12.7 11.2 11.9 
Av. 11.6 12.3 ^ 10.9 11.3 ^ 12.4 12.3 
1.0 6.0 3.5,/ 
6.0 9.0-/?.5i/ 
3.5 7.53/ 
2.0 9.0 5.5 
3.0 8.0./5.5p/ 
2.5 3.53/  ^
.01 .06 .07, / 








1/ Average effect significant at P = 0.05 or less. 
2/ Interaction effect significant at P = 0.05 or less. 
2/ Water and fat-free basis. 
75.3 ISA 
75.6 74.6 75.0 
75.5 75.0 
20.1^  30.1 25.3w 
13.7 17.1 15. W 
17.1 23.6 
13.8 ii4-.6 14.2 
iii..5 13.7 14.1 
14.2 li{..2 
9.0 9.4 9.2 







.22 .21 .22 
.18 .79 .49 
.20 .50 
Table 13« Sw^ary of average values for cex'tain fractions in 
pork tissue (antibiotic rations). 
Ixperisent 513B. 
Des- Tissue Kidney Liver Spleen Loin 
crip- Treat- No No Ho No 
tion ment 8^2 ^12 ®12 ®12 ®12 ®12 ^12 ®12 
No Co 80.8 80.3 ao.6 70.1 71.5 70.8 73.7 78.3 70.5 72.7 72.5 72.6 
water J J^2^2 73.3 72.1 72.7 
^ Av.  30.5 80.5 70.1 70.8 70.1 78.7 73.0 72.3 
Pat 
% 
Ko Co 13.0 12.7 12.9 9.9 9.5 9.7 10.Ij. 11.0 10.7 I6.I 15.6 15.9 
Co lli..9 13.6 lij..3 11.3 11.1}. 11.4 12.4 12.0 12.2 15.9 21.14, 18.7 
Av. ili.o 13.2 10.6 10.5 11.ii 11.5 16.0 18.5 
Nitro- No Co 14.2 13.2 13.7 10.2 10.6 10.4 1;..2 13.0 13.6 15-3 13.3 lk'3-,/ 
fen Co 13.0 13.9 13.5 12.1 10.8 11.5 I4.6 14.3 14.5 15.1 15.1.4^5. Av. 13.6 13.6 11.2 10.7 14.4 13.7 15.2 14.2^ 2/ 
Phos- Bo Co 13.0 12.7 12.9 10.0 11.7 10.9 12.5 12.6 12.6 9.3 8.6 9.0 
phorus Co 13.i 13.4 13.3 12.2 11.5 11.9 13.9 13.2 13.6 10.0 9.2 9.6 
mg./gm. Av. 13.1 13.1 11.1 11.6 13.2 12.9 9.7 8.9 
Vit. Ko Co 2.0 10.0 6.0 3.0 l5.0 9.0 0.7 2.0 1.4 1.0 1.0 1.0 
83^2 Go 2.0 9.0 ,5.5 2.0 9.0 ,5.5 0.7 2.0 .1.4 1.0 1.0 1.0 
V/lOO gM. Av. 2.0 9.5^ 2.5 12.Oi/ 0.7 2.0i/ 1.0 1.0 
Co- , Ho Co .06 .08 .07,/ .11 .17 .14 
balt-^ Co .19 .33 .26i/ .27 .16 .17 
FPM Av. .13 .21 .19 .17 
^ Average effect significant at P = 0.05 or less. 
^ Interaction effect significant at P » 0.05 or less. 
2/ Water and fat-free basis. 
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content of the tissue. It can be seen that the animals 
fed vitamin no-antibiotic trial had higher 
levfcls of tissue phosphorus than their controls on the 
basal ration, (Pig. 3)« Interaction effects of vitamin 
B2^2 cobalt werts significant in the no-antibiotic 
group. Only in the kidney tissue could it be shown that 
the phosphorus content was significantly affected by co­
balt alone. In the presence of antibiotics, these dif­
ferences among the phosphorus content of tissues dis­
appeared. 
The microbiological values for vitamin that 
assay values were in general highest in tissues from all 
animals fed the vitamin. The differences in the assay 
values for vitamin 13^2 three glandular tissues 
obtained from animals in both the no-antibiotic and anti­
biotic feeding trials were significant. The data for 
loin muscle tissue revealed no differences. In the pres­
ence of cobalt, the increase in apparent vitamin 
somewhat less. 
The comparison between the apparent vitamin 
tent of tissues from aninals on the basal ration in the 
no-antibiotic group and that found in the tissues of ani­
mals which were fed the basal ration but containing the 
antibiotics cannot be statistically evaluated owing to 
the design of the experiment. Otherwise there appears to 
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b© little indication that the feeding of antibiotics in­
fluenced the assay values for vitarain B12 these tissues. 
Thfc additiozi of vitamin B12 increased th& assay values 
for this vitamin in the organ tissues both in the abs<^nce 
and presence of antibiotics. 
Thfc cobalt analyses show that the addition of cobalt 
to thi; ration significantly influenced the cobalt con­
centrations in the liver but it had no influence upon the 
content of cobalt in the loin muscle tissue. The presence 
of antibiotics in the rations did not appear to affect 
cobalt levels in either liver or loin tissues. 
fhere appeared to be no consistent differences in 
the carcass composition of these aniraals as determined 
by dressing per cent, back-fat thickness, specific 
gravity, or per cent of leati cuts which can be related 
to the feeding of vitamin cobalt, or the combina­
tion of vitamin cobalt. 
The large differences in the fat content of the rat 
carcasses observed by Black and Bratsler (7) in their 
studies of the influence of vitaniin on carcass coiapo-
sition were not found in the data obtained for the pigs 
receiving vitamin wa-s no evidence that anti­
biotics had any consistent influence on the carcass compo­
sition of animals receiving the basal or supplemented 
basal rations. 
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The tissue data did not provide conclusive evidence 
that the various dietary treatments either in the absence 
or presence of antibiotics had any consistent effect on 
the nitrogen, fat, and water content of the kidney, liver, 
spleen or loin muscle tissue. 
There appeared to be no important differences between 
the levels of apparent vitamin B2_2 tissue of animals 
on the rations used in the no-antibiotic rations and the 
levels ol* this vitamin in tissues of animals on the cor­
responding rations with antibiotic supplementation* tJnder 
these conditions, one may conclude that antibiotics appear 
to have no influence on the assay values for vitamin Bx2 
in pork tissue. 
Differences in the amounts of apparent vitamin ®12 
in the several tissues of the animals on the various 
rations containing antibiotics could not be correlated 
with growth performance since the differences in average 
daily gains and araount of feed required per 100 pounds 
gain among these animals were statistically non signifi­
cant. 
The animals in these studies had lower levels of 
apparent vitamin B2_2 livers than that observed by 
Richardson et al. (59) (3*0 iriicrograas as compared to 
the 5*7 mlcrograiBs) in their studies of the vitamin 82^ 2 
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requirement of the young pig. They also r&port«jd that a 
vitamin Bx2 deficiency developed on an all plant, vitamin 
BI2 deficient basal ration containing a mixture of 10 
milligrams each of aureomycin, streptomycin, terraaycin 
and procaine penicillin Q, Since these animals grew 
poorly because no vitsaain supplied in the ration, 
it was suggested that the antibiotics inhibited vitamin 
®12 synthesis in the intestinal tract. The absence of 
a nutritional deficiency and the excellent growth per­
formance of the animals in the present study (average 
daily gain was I.36 pounds per day) when the much higher 
level of antibiotics (500 mg. per pound of ration) was 
fed requires some alternative explanation. There is no 
apparent indication that a basis for a valid explanation 
for these divergent results is available from these 
data. Monson et al. (55) have recently reported that anti­
biotics did not affect the levels of pantothenic, vitamin 
B5, niacin, and vitamin liver of chickens fed 
rations supposedly adequate in all the known vitamins. 
These investigators also observed that the concentrations 
of several water soluble vitamins found in the chicken 
livers could not be correlated with the growth response. 
These observations indicate that the growth promoting 
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effect of antibiotic supplemented rations cannot be ex-
plaint>d on the basis that the faster growing animal has 
larger stores of vitamin in its tissues. 
While the basal ration contained enough cobalt to 
satisfy the known nutritional raquireaent of the sheep, 
increased storage of this element was demonstrated when 
extra cobalt was supplied. Whether this increase in the 
araotint of liver cobalt is nutritionally beneficial is 
questionable in view of the observation that the cobalt 
supplemented animals made somewhat lower average daily 
gains. Ho consistent change in tissue composition was 
observed when cobalt was fed. 
The effect of vitamin absence of anti­
biotics on the phosphorus content of the various tissues 
appears to be quite significant. The increase in tissue 
phosphorus which was associated with vitamin 
is in harmony with the earlier observations reported by 
Abbott and James (1), who found that the injection of 
vitamin ^^^smced phosphorus retention in the rabbit. 
It is noteworthy that this difference disappeared when 
antibiotics were fed. 
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Stimmary. A total of 21^. pigs were individually fed a 
purified basal ration fortified with vitamins and C.P. 
(chemically pure) lainfcrals including trace minerals from 
weaning to 100 pounds. 
Timo 2x2 factorial exptsriments, one without and one 
with antibiotics, were designed to study the effect of 
adding vitamin cobalt, or a combination of vitamin 
Bi2 cobalt on the growth performance and tissue 
composition of pigs. 
The growth and performance of all pigs on all rations 
was quite satisfactory and no nutritional deficiencies 
were produced. Growth was improved by the addition of 
vitamin absence of antibiotics, Ho relation­
ships could be found between the vitamin content of 
the tissues and the growth performance when antibiotics 
were fed. 
The carcass quality, as meaeured by length of body, 
back-fat thickness, specific gravity, and per cent of 
lean cuts, was not appreciably influenced by these treat­
ments. The feeding of a mixture of antibiotics at high 
levels did not influence the vitamin content of tis­
sues. 
In the absence of antibiotics larger quantities of 
phosphorus were found in the tissues when vitamin Bx2 
was addtd to the ration. 
Cobalt additions to the basal ration containing 
0.1 P.P.M. did not iraprovti growth. The feeding of 
cobalt had no appreciable effect on tissue composition. 
Cobalt, when fed in the presence or absence of antibio­
tics, did not appear to affect the vitamin 62^2 content 
of the tissue. 
The vitamin Bi2 content of liver, spleen, and 
kidney was Increased by feeding vitamin Bi2« 
A study of the influence of the antibiotics on 
intestinal flora was made. 
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Vltamin 8^2» Phosphorus and 
Antibiotic Studies 
Experiment gSlt. 
Plan. Since relationships between the feeding of 
vitamin phosphorus content of the various 
tissues were found in the first experiment, it was deemed 
desirable to continue this study by feeding different 
levels of phosphorus with and without vitamin 3^ 2 
the absence and presence of antibiotics. 
In view of the fact that some difficulty had been 
encountered since the first experiment with the use of 
Ortho 220 protein in some feeding trials, blended solvent 
soybean oil meal was substituted for the Ortho 220 pro­
tein. 
A 2 X 2 X 2 factorial plan was employed to study 
the effect of adding vitamin phosphorus, and anti­
biotics on the growth performance and tissue composition 
of swine. 
Twenty-four Poland China x Landrace x Duroc x cross 
bred weanling pigs were randoBily allotted to the different 
ration treatments. All pigs were wormed with a ration 
containing 0.5 pei* cent sodium fluoride for two days prior 
to allotaaent. fhe pigs were sprayed with benzene hexa-
chloride, and were dipped in a copper sulfate solution 
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just prior to allotment and confinement in individual feed­
ing crates with wire floors. Individual feeding as des­
cribed in experiment 513B was also used in this trial. 
The pigs averaged 26,3 pounds and were started on the 
experimental rations December 19# 1952. Each pig was re­
moved from the experiment and slaughtered as it reached 
a weight of 95-100 poxinds. 
The composition of the basal ration containing l8,00 
per cent protein, O.JO per cent calcium, and 0.25 cent 
phosphorus is shown in Table li|.. This low phosphorus ration 
was fed in order to study the effect of vitemin 3^ 2 
antibiotics when additional phosphorus was fed. The rations 
containing the 0.25 cent phosphorus had a rather wide 
Ca-P ration, 2.8-1. Additions of di-calcium phosphate, at 
the expense of some of the calcium carbonate and starch, 
to the low phosphorus ration permitted developing a high 
phosphorus ration (0.50 per cent). To these rations vita­
min Bi2* added, was added at the rate of 10 micrograms 
per pound of ration. 
The antibiotic supplement was the same mixture and 
was fed at the same level as in experiment 513B. However, 
the pigs receiving the antibiotic rations were continued 
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Tabla Composition of th© basal ration. 
Experiment 58%. 
% 
Soybean oil meal (blended) 38*00 
Corn starch (pearled) 43.60 
Dextrinized corn starch 10.00 
Corn oil (mazola) l|..00 
Vitamin Premix No. 5^® (less Bjg) 1.00 
Calcium carbonate 1.50 
Corn starch (pearled) 1.30 
Trace minerals^ 0.1 
Iodized salt 0.5 
Vitamin Premlx Ho. $6 supplied th© following amounts 
of vitamins per pound of ration: 
Alpha-tocopherol acetate 3*0 ag. 
Ascorbic acid 50.0 ^  
Biotin 0.2 " 
Calcium pantothenate 3«4 ** 
Folic acid 0.5 " 
Inositol 200.0 '• 
liacin 9.7 " 















Contributed to the final ration in P.P.M. Fe-70, 
GO-1.6, Cu-4.8, Mn-5.9, 2n-ij..i|., K-7.6. 
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Table li^S. Composition of the basal ration, 
Eixperiment $81^. 
Chemloal Analysis 
Protein"'5^' Calcium % Phosphorus % 
Calcu- Calcu- Galcu-



























































on these rations right up to the time of slaughtering. 
An individual record of gain in weight and feed con­
sumption was made on each pig at weekly intervals. 
Immediately following th© dressing of the carcass, 
after slaughtering, the liver, spleen, kidneys, adrenals 
and thyroids were weighed. The livers, kidneys and spleens 
were wrapped in aluminum foil and frozen for later chemical 
analysis. 
Carcass measurements and specific gravity data were 
obtained after the carcasses had chilled for 2lj. hours at 
3l|-36®F. The femur bones were removed from the hams and 
saved for further study. 
Results and discussion. During the course of this 
experiment, some difficulty was encountered with a disease 
condition which was not attributable to ration treatment. 
The first noticeable symptom was the refusal to eat. Such 
pigs were treated with 0.5 grams of aureomycln in capsule 
fom twice daily for 3 consecutive days. However, the 
pigs failed to respond to such treatment and had to be 
removed from the experiment. The autopsy report from 
the first animal, on the Basal + BjL2 i»ation, sent to the 
veterinary diagnostic laboratory \fas as follows! 
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Re; Our case Ho. 2£6. Sxaraination of the 
porcine speciman, frora Experiment z*®" 
vealed that the animal was sufffering from ad­
vanced rickets. In addition to the rachitic 
lesions, a sever© ulcerative, hemorrhagic ileitis 
was encountered. Cultures from the various tis­
sues were negative for bacteria. 
Five other pigs were removed from the experiment before 
termination and sent to the diagnostic laboratory. These 
pigs were from the following ration treatments! 1 - Basal, 
1 - Basal + P, 1 - Basal + 8^2 + antibiotics, 1 - Basal + 
P + antibiotics, and 1 - Basal + B]l2* ^ report on two of 
these pigs, and characteristic of the other three was as 
follows: 
This is to report on the examination of 
two pigs from experiin 
ence of lesions suggestive of leptospirosis in­
cluding a moderate aneraia. Darkfield examina­
tion of heart blood showed the presence of or­
ganisms morphologically resembling Leptospira. 
A rather bright yellow colored material was 
found in the retropharangeal pouch and the upper 
part of the trachea. This material could not 
be identified but suggested the possibility of 
lodgment of a theraputic capsule. 
Pig #i|.309 showed the presence of Leptospira-
like organisms on darkfield examination of the 
kidneys and brain. Although the animal was dead 
when received, it was probably affected with a 
rather severe anemia. Both pigs showed the 
Signed: A. J. Gotten, D.V.M 
Iowa Vet. Diag. Lab 
ceived February 17. Pig #i|.319 showed the pres 
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presence of osteomalacia, but the line of pro­
visional calcification was uoraal. 
riactferiologlcal examination gave negative 
rti'suits. 
Signed: Paul C. Benriett, D.V.M. 
Iowa Vet. Diag. Lab. 
Aa the result of losing these pigs during the course 
of the feeding trial, it was necessary to estimate the 
missing values prior to the analysis of any of the data. 
The missing values were estimated according to Snedecor 
(71) sec. 11.6 by employing the following formulas 
X » tf bB » S 
(t-1) (b-1) 
where t = nusiber of treatments 
b sa number of blocks 
T = sum of items with same treatment as 
missing item 
B - sum of items in same block as missing item 
S = aura of all observed items 
Data for the average daily gains, average daily feed, 
and average feed per 100 poiuids of gain are presented in 
Table 1$* Figures 6 and 7 show the average gains in weight 
of the no-antibiotic and the antibiotic supplemented group 
respectively. 
The addition of antibiotics to the rations in this 
study resulted in a more uniform growth response on the 
various rations as compared with the no-antiblotlc pigs. 
The performance of all surviving pigs was quite good; 
Table l^. S\in»aary and analyses of variance of average daily 
gain, feed consumption, and feed per 
100 poiands gain. Experiment $8k-. 
Phosphorus 0 .25 0.50 
Vitamin B12 No Bi2 1^2 No B^2 Bi2 
Antibiotics No AB AB No AB AB No AB AB No AB AB 
Av. Dally 
0.98 1.16 Gains, lbs. 0.91 1.08 1.23 1.35 1.22 1.24 
Av. Daily 
2.i|3 2.Sk Peed, lbs. 2.32 2.87 2.79 3.11 2.56 2.80 
Av. Peed per 
100 lb. Gain 267 2I4.3 238 247 226 224 211 226 
Analyses of Variance 
Mean Squares 
Source of Degrees Av. Daily Av. Daily Feed per 
Variation of Freedom Gain Peed 100# Gain 
Antibiotics 1 0.9000^  0.6208* a 
Vitamin 83^2 1 0.0001 0.0580 
Phosphorus 1 0.3105* 0.3602 4032^ 
AB X Bi 2 1 0.0030 0.0267 782 
AB x P 1 0.0187 0.0193 376 
Bi2 X P 1 0.0273 0.1536 35 
AB X B-ip X P 1 0.0047 0.0579 127 
Expt'l. Error 10 0.0121 0.0956 158 
Total 
" ' ' 
17 0.0339 0.1325 448 
^Si§sHMn''Ld^ ^ 
'7h-
fabl© 15 (Continued) 
SiiBaaarir of Main Treatment Effects 
Phosphorus Vitamin 8^2 Antibiotics 
0.25 0.50 No Bi2 ii2 Ho AB AB 
Av. Dally 
Gains, lbs. I.0J4. 1.26 
Av. Dally 
Weed, lbs. 2.57 2.82 
Peed Per 
100# Gain, lb a. 21^ 9 222 
l.lij. 1.15 1.09 1.21 
2,7k 2,6k. 2,S3 2,86 
2I4.O 231 236 235 
average daily gains of .9 to I.I6, considering the fact 
that they were in confinement and on «rire during the en­
tire experimental period. 
The pigs receiving the antibiotic supplemented rations 
gained faster than the no-antibiotlo group. They consumed 
more feed per day but there was no difference in feed per 
100 pounda of gain in the two groups. 
Increasing the phosphorus level of the ration from 
0.25 pel* cent to 0.50 per cent resulted in a significant 
increase in average daily gain (I.0I4. to 1.26) as well aa 
more efficient gains per 100 pounds of feed (2i}.9-222), 
i'he additions of vitamin 3^2 to the rations were with­
out effect on growth rate as measured by average daily gain, 
however, the feed reqtiired per 100 pounds of gain appeared 
to be soBiiiWhat lower for the group receiving vltasain 
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Fig. 7 Average livt weights of pigs receiving the anti­
biotic supplemented rations. Experiment 
-77-
deficlencles, stiggestlve of a vitamin 82^2 deficiency were 
not noted. 
A 3\iiaraary of the carcass data and organ weights is 
shown in Table I6. The feeding of antibiotics resulted 
in fatter carcasses as indicated by a thicker back-fat 
(0.90-1.02) or by a lower specific gravity. The pigs re­
ceiving the vitamin ration produced leaner carcasses 
as indicated by back-fat and the differences in specific 
gravity approached significance (P « 0.05). Althougli the 
comparison of responses to the different levels of phos­
phorus failed to show any differences in fatness of car­
casses as measured by back-fat, a significant difference 
was found in specific gravity, the higher feeding level 
of phosphorus resulted in leaner carcasses being produced. 
The feeding of vitamin 83^2 x'esulted in significantly 
lighter livers which was also noted in experiment 513B 
and by Richardson et al. (^9). Smaller adrenal glands 
were found in the animals which had received vitamin 82,2• 
No weight differences in thyroid glands were found in 
these animals. 
It seemed inadvisable to continue the vitamin B12 
assays of the tissues of these pigs because consistent 
effects of feeding vitamin concentration 
of this vitaiain in the tissue were revealed in experiment 
Table l6. Siaamary and analyses of variance of carcass data 
Experiment $Qk.» 
Phosphorus 0.25 0. 50 
Vitamin B12 No B12 B12 No Bx2 BI2 
Antibiotics Ho AB AB No AB AB lo AB AB Mo AB AB 
Back-Pat, in. 0.92 
Specific Gravity I.0318 
Liver wt., gms, 102$ 
Adrenal wt,, gas. 3*8 































Analyses of Variance 
Mean Squares 
Source of Degrees Specific Liver Adrenal Thyroid 
Variation of Freedom Back-fat Gravity Wt. Wt, Wt. 
Antibiotics 1 0.0805* 0.00008626* 4620 0.70^  0.04 
Vitamin 83^2 1 0.0610* 0.00003626 326900 4.08* a 
Phoaphorus 1 0.0003 0.00026867* 1683 0.30 0.06 
AB X Bip 1 0.0018 O.OOOOOij.08 1162 1.98 0.81 
AB X P 1 b 0.00001080 25938 2.73 0.38 
Bi2 X P 1 0.0035 0.00002185 20242 0.22 0.48 
AB X B3_2 ^ P 1 0.0032 0.00016696^  118 0.50 0.16 
Eacpt'l. Error 10 0.0076 0.00000901 11540 0.78 0.43 
Total 17 0.0133 0.00004030 29180 1.05 0.36 
Significant at P = 0.05 or less. 
jLess than 0.01 
®Less than 0.0001 
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Table l6 (Continued) 
Phosphorus Vitamin Bip Antibiotics 
0,25 0.50 Mo BI2 1^2 lo AB AB 
Back-Pat, 
in. 0.96 0.95 1.01 0,91 0.90 1.02 
Specific 
Gravity 1.0331 1,0390 1,0352 1.0377 1.0383 1.03i|.6 
Liver Wt,,^s . 931 947 1056 822 925 953 
Adrenal It,, 
gas. 3.1^ 3.6 3.9 3.1 3.7 3.3 
Thyroid Wt., 
3.5 g^ s. 3.6 3.5 3.5 3.5 3.5 
513B. It was eonsidered necessary to confirm th© effect 
of vitamin 83^2 phosphate accumulation in the tissue. 
The phosphorus content of the liver was increaaed as 
the result of feeding vitamin confirms the earlier 
observations, fable 1?. No differences in liver phosphate 
ware found in animals fed the different levels of phosphorus. 
The feeding of antibiotics was without effect on liver phos­
phorus, Smaller aiaounts of fat were found in the livers of 
animals fed antibiotics. 
The iricrfcaso In live-r phosphorus associated with the 
feeding of vitamin Bi_2 agre©Bi&nt ?iith Abbott and 
James (1). The feeding of additional phosphorus did not 
effecc the phosphate accumulation in the liver. 
Table I?, Svmm&rj and analyses of variance of liver tissu®. 
Experiment SQk» 
Phosphorus 0.25 Q»SO 
Vitamin No ®12 ®12 %2 
Antibiotics io"~iS" W" Ho AB • AB No 4B 4B ¥o AB AB 
Phosphorus in 
Liver mg./ga. 10.73 10.83 12.39 12.314- 10.80 10,52 12.2? 11.39 
Fat Per cent 
in Liver 12.3 10.7 12.1 11.5 12.0 10.4 li+.O 10.1 
HpO Per cent 
in Liver 68.0 69.1 69.6 7 0.5 67.6 69 .I4- 71.1 69.5 
Analyses of Variance 
Mean Squares 
Source of Degrees Phosphorus Fat HpO 
Variation of Ereedom mg./@a. % % 
Antibiotics 1 o,k^ k 22.04* 1.87 
Vitamin Bjp 1 11.220 2.04 l$.84* 
Phosphorus 1 0.711 a 0.07 
AB X BI2 1 0.238 0.48 5.13 
AB X P 1 0.592 4.00 1.17 
Bi2 3C P 
AB X B\2 ^  P 
1 0.226 0.48 0.09 
1 0.0571 4.01 3.78 
Expt*l, Error 10 0.398 1.62 2.35 
Total 17 17.1+45 49.22 51.40 
'^Significant at P = 0.05 or less 
®-Less than 0.01 
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Table 17 (Continued) 
Sturasary of Main Treatment Effects 
Phosphorus ?itarain B12 Antibiotics 
0.25 0.50 lo BI2 BI2 No AB AB 
Phosphorus in 
Liver mg./gm. 11.59 11.25 
Pat, Per Cent 11.7 11.6 










Sutamary. A total of 2i|. pigs were individually fed 
from a weanling to 95 pounds, serai-purified ration forti­
fied with vitamins and minerals including trace minerals. 
A 2 X 2 X 2 factorial plan was designed to study the 
effect of adding vitaiain Bx2» phosphorus, and antibiotics 
on the growth performance and tissue composition of pigs, 
fhe- growth and perfomance of all pigs, with the ex­
ception of those animals removed because of disease, was 
quite satisfactory and no nutritional deficiencies were 
produced. Qrowth was improved by the addition of the 
antibiotics to the rations. The feeding of phosphorus 
at the 0,50 P<sr cent level improved both rate and effi­
ciency of gain as compared to the feeding of phosphorus 
at the 0.25 per cent level. 
The feeding of antibiotics produced fatter carcasses 
as measured by back-fat thickness and specific gravity. 
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Th© feeding of the higher Isvel of phosphorus produced 
leaner carcasses as measured bj specific gravity; however, 
no difference in back-fat thiclcness resulted. 
The livers and adrenal glands of the pigs fed vitamin 
BI2 were lighter than those from the pigs not receiving 
vitamin 
The phosphorus content of the liver was increased as 
the result of feeding vitamin difference in liver 
phosphorus was noted due to feeding phosphorus or a mix­
ture of antibiotics. The feeding of antibiotics produced 
livers containing less fat. 
GEHEML DISCUSSION 
The rations used in thests two experiments were not 
identical. In tlie first trial, a highly purified ration 
was used, whereaa in the second ©xperiment, sojrbean oil 
meal replaced the Draclcett Ortho-220 protein and feeding 
grade minerals were uaed instead of chemically pure min­
erals. It is not possible to make direct comparisons from 
one experiment to the other because of several differences 
in the composition of the rations used* 
The literature on the effects of feeding antibiotics 
reveal that the kind of rations used and the conditions 
under which the pigs are fed have a very definite effect 
on th© experimental results. This is quite apparent in 
the case of growth performance of the animals, but 
with the limited amount of data available on the effect 
of ration treatment on tissue composition, definite con­
clusions are not possible and one can only speculate as to 
what the effects may be. 
The feeding of vitamin in the absence of anti­
biotics in experiment 5l3B, resulted in a significant 
increase in average daily gains. Likewise, the inter­
action of vitamin * cobalt increased the average daily 
-814.. 
gains of the pigs. This Interaction effect, however, ap­
peared to be attributable mainly to the increase result­
ing from the effect of feeding vitamin because the 
additions of cobalt to the ration did not increase aver­
age daily gains. In the presence of antibiotics, the 
feeding of vitamin B12 affect growth rate. The 
growth rate of all pigs on the antibiotic supplemented 
rations was quite uniform. This uniformity in growth was 
not observed in the no-antibiotic trial. 
It was decided to use a much higher level of anti­
biotics in this study since Richardson et al. and Catron 
et al. (59» 23) had described a vitamin deficiency in 
weanling pigs fed i|.0 rag, of antibiotics per pound of 
ration. In these present trials, a mixture of four 
antibiotics and one sulfa-drug was fed at the rate of 
SOO mg, per pound of final ration. The pigs constamed an 
average of l^- grams of antibiotics dally when fed at this 
rate. Although it was impossible to make direct comparisons 
between the no-antibiotic and antibiotic fed trials, it 
would appear that the feeding of antibiotics did not 
markedly effect the microbial populations in the intes­
tinal tract of the pig. The data for the fecal counts 
actually indicated that the total counts were greater 
when the antibiotics were fed. Bridges et al, (13, lij.) 
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report that in one trial penicillin fed at the rat© of 
227 »g. 100 pounds of feed, produced faster gains 
and increased bacterial counts in the feces. In another 
trial, these workers found that the inclusion of penicillin, 
227 ffig* per 100 pounds of ration, or a coaibination of peni­
cillin and streptomycin, streptomycin fed at the rate of 
250 mg. per 100 pounds of ration, increased the coliform 
bacterial count in the feces of the pigs. The combina­
tion of penicillin and streptomycin increased the Proteus 
count over that found in the basal group. It is quite 
conceivable that the type of ration fed may influence 
the bacterial population in the intestinal tract of the 
pig. The difference between these rations and the one 
used by Catron and Richardson (23, 59) may thus account 
for the reason why no vitamin deficiencies were en­
countered in this study. 
No differences were noted in the carcass data for 
the pigs on the no-antibiotic rations, but in the pres­
ence of the antibiotics, the carcasses from th© pigs fed 
vitamin 8^3 fatter, as Indicated by back-fat thickness 
and specific gravity. Patter carcasses were obtained 
when vitamin Bx2 cobalt were fed. This interaction 
effect appears attributable to vitamin since the feed­
ing of cobalt alone did not affect carcass fatness* 
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The addition of cobalt to the basal ration did not 
improve the growth performance of the pigs. This finding 
is not in agreenent with others (31, I4.3, 6I) who have 
reported that the adding of cobalt to natural rations 
improved the average daily gains of pigs. However, in 
this study, a purified ration was fed as compared to 
natural rations reported by the other investigators, fhe 
addition of cobalt to the basal ration in this study re­
sulted in an increase in the cobalt content of the livers 
from both groups of pigs. The cobalt content of the loin 
Biuscle was not affected. 
Although some differences were found in the water, 
fat, and nitrogen content of the tissues, no consistent 
differences could be associated with the rations fed. 
The feeding of vitamin absence of antibiotics 
resulted in an increase in the phosphorus content of all 
tissues studied, but in the presence of antibiotics these 
differences were not observed. An explanation for these 
differences is not apparent. 
The apparent vitamin content of the liver, spleen, 
and kidney was increased when vitamin was added to 
the basal ration. Mo increase was noted in the loin 
muscle. These differences were noted in both the anti­
biotic and no-antibiotic feeding experiments. When 
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vitamin Bx2 cobalt werts fed in combination, the vita­
min Bi2 content of the tissue was loiser than when vitamin 
^12 alone was fed, These findings suggest that cobalt 
had someiiKhat of an antagonistic effect on the vitamin B]L2 
accumulation in the tissues of the body arid that at least 
the cobalt was not utilized in the biosynthesis of vita­
min ^ 12* 
In the second experiment, the feeding of vitamin Bx2 
was without effect on rate of gain. More rapid gains re­
sulted from the adding of antibiotics to the rations. The 
piga receiving the antibiotics were fatter as measured by 
back-fat thickness and specific gravity. This result is 
not in agreement with the observations of Wilson et al,, 
Catron et al, and Jensen (85» 21, ij.0) who reported that 
antibiotics did not produce fatter carcasses. As a matter 
of fact, Ifilson et al, (85) reported that leaner carcass 
resulted from the feeding of vitamin B|g, aureomycin, or 
a combination of aureomycin and vitamin 8^2• this ex­
periment, much higher levels of antibiotics «ere fed and 
the pigs were slaughtered at 95 poimds instead of the 
normal live slaughter weight of 200-220 pounds. 
The feeding of 0,5'0 per cent phosphorus produced 
faster growing pigs than the lower level of phosphorus. 
This low level of phosphorus, 0.25 per cent, was selected 
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to study tilts effect of addirit^ additional phosphorus to the 
basal ration. This lower level of phosphorus intalce laada 
the ealciiiBi phosphorus ratio quite wide, 2.8:1, and proba­
bly exerted a nutritional stress on the animals. The fact 
that one pig was diagnosed as having rickets should not 
be oviirlooked, but it should be noted that the later re­
ports on the other pigs taken to the Veterinary Diagnostic 
Laboratory showed that the line of provisional calcifica­
tion of the bones was normal. 
The addition of phosphorus to th© basal ration was 
without effect on phosphorus deposition in the tissue. 
The feeding of vitamin B^2 resulted in larger phosphorus 
stores in the liver. This effect was also noted in the 
earlier study when antibiotics were omitted from the 
ration. 
Sraaller livera resulted from the feeding of vitamin 
®12 in this study and confirms the results of the earlier 
study. This is in agreement with the finding reported by 
Richardson et al. (59). The feeding of vitamin B]^2 
resulted in the production of smaller adrenal glands. 
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StJHMAKY 
The experimenta reported herein were designed to 
study the effects of certain dietary supplements on the 
growth performance and tissue composition of pigs. The 
pigs were individually fed in wire floored crates. 
The feeding of vitamin 85^2 raaterially affect 
the growth rate as measured by average daily gains, al­
though in one feeding trial gains i«ere increased by vita­
min B3_2 ill the absence of antibiotics. The apparent 
vitamin 3^2 content of the liver, spleen and kidney was 
increased by the addition of vitamin %2 to the ration, 
but the vitamin 82^2 content of the loin muscle was not 
affected. When a combination of vitamin cobalt 
was added to the basal ration, the vitamin 8^2 content of 
the glandular tissues was lower than when vitamin B3_2 
alone was added to the ration. The feeding of vitamin 
B]^2 3?©suited in lighter weight livers and lighter weight 
adrenal glands. 
Under the conditions of these experiments the feed­
ing of a eorabination of antibiotics, 500 ®S* pound of 
ration, did not appreciably effect the microbial popula­
tions of the intestinal tract; if anything the total count 
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was increased. No vitamin 82,2 deficiencies were observed 
in any of the experiments. 
The addition of cobalt, 3 P.P.M.* to a basal ration 
containing 0,1 P.P.M. did not improve the growth perfor­
mance, although more cobalt was foimd in the livers of 
the pigs receiving additional cobalt. 
No consistent differences in carcass quality, as 
Measured by back-fat thickness, specific gravity, or per 
cent of lean cuts, could be associated with the different 
ration treatments, The feeding of antibiotics produced 
fatter carcasses in one trial. Vitamin i*®-
sulted in leaner carcasses in one experiment, but,in the 
presence of antibiotics in another experiment, it produced 
fatter carcasses. When additional phosphorus was fed, 
the resulting carcasses were leaner as measured by spe­
cific gravity. 
Although the nitrogen, fat and raoisture content of 
the tissues varied somewhat, these differences could not 
be attributed to ration treatment. The phosphorus content 
of the liver, spleen, kidney and loin was increased by the 
feeding of vitamin 1^2 no-antibiotic pigs of the 
first study whereas the feeding of vitamin B12 increased 
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the phosphorus content of the liver, in the second study, 
regardless of phosphorus or antibiotic feeding. 
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CONCLUSIOMS 
1. The phosphorus content of the liver, kidney, spleen, 
and muscle of the pig can be increased by feeding 
vitamin Bx2* 
2. The addition of 3 P.P.M. of cobalt to rations con­
taining 0.1 P.P.M. does not improve growth perform­
ance of pigs* 
3. The feeding of vitamin B12 increases the 
apparent vitamin B12 content of the liver, kidney, 
and spleen. This conclusion is in harmony with 
findings reported for other animals. 
if. Adding cobalt to the ration increases the concen­
tration of cobalt in the liver of the pig but it 
does not affect the cobalt content of the loin 
muscle. 
5. These studies did not provide conclusive evidence 
that antibiotics had any appreciable effect on pork 
carcass quality. 
6. The apparent vitamin 83^2 activity of liver, kidney, 
and spleen was not increased by feeding cobalt to 
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the pig. fhia fact offers no support for the hy­
pothesis that the biosynthesis of vitatain occurs 
in pigs fed cobalt, 
7. The feeding of a combination of antibiotics did not 
materially effect the microbial population of the 
intestinal tract of swine. 
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Tabl© A. Individual observations on average 
daily gain, daily feed, and feed per 100 
poimda gain. Experiment 513B. 
Ration Av. Av. 
Treat­ Initial Final Daily Daily jF^ ed Per 
ment Wt. Wt. Gain Peed 100# Gain 
Basal 3k 101 1.29 2.9ii. 228 
k3 99 1.08 2.81 261 
31 98 1.00 2.1414. 2iti4. 
+ BI2 36 105 1.53 3.2k 212 
36 98 1.38 3.18 231 
kk 103 1.33 3.08 232 
4- Go 31 105 I.I4.2 3.17 223 
39 105 1.10 2.14.2 220 
36 10k 1.03 2.97 288 
i|.0 105 l ,kk 3.29 228 
43 98 1,22 2.76 225 
31 99 1.03 2.I1I4. 237 
Antibiotics 
Basal 30 110 1.45 3.22 221 
21^  101 1 »l|»0 3.29 235 
21 9k l,2i|. 2.63 212 
-f 3^2 28 100 1.60 3.13 196 
22 99 1.31 3.15 21^  
20 95 1.27 2.98 235 
+ Co 26 98 1.60 2.87 179 
20 95 1.27 2.k8 214.8 
20 98 1.32 2.80 212 
+ Bi2 + Co 23 109 1.56 3.06 195 
21 107 1.56 3.09 198 
20 96 1.29 2.95 229 
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Table B. Indlvldml observations on average back-fat 
thickness, specific gravity, per cent lean cuts 
and individual organ weights, Experiiaent 513B. 
Kation % 
Treat­ Back- Specific Lis an Liver Kidney Spleen Heart 
ment fat Gravity Cuta gma gma. ©as. ©as. 
Basal 1.18 l.OifS 55.38 1056 183 46 155 
1.12 1.039 51+. U 1095 175 67 I4I 
0.92 I.OI4.3 53.81 1175 179 71 140 
+B12 1.25 i.03ii. 50.71 987 163 55 137 
1.22 1,03k 52.i}.0 1000 198 54 132 
1.02 1.038 56.00 1173 198 62 166 
+Co 1.08 1.0I4.0 5i4..06 970 173 61 143 
0.95 l.Oii.6 59.i|U 1020 183 68 157 
1.00 1.036 52.95 1208 192 63 139 
0.90 1.014 56.38 955 145 52 155 
1.00 1,038 56.20 1030 172 63 151 
1.15 1.033 58.80 1111 215 62 170 
Antibiotics 
Basal 1.10 l.Ol+O 55.96 925 179 64 170 
1.20 1.038 51.56 1073 189 73 146 
1.02 1.01+2 51.95 1089 197 65 155 
+B12 1.1$ l.Oi}.! 54.78 837 159 86 175 
1.15 l.Oiil 53.li^ . 829 174 71 137 
1.03 l.oiio 55.30 945 186 74 170 
+Co 0.98 1.014.6 53.53 889 158 68 155 
1.03 1.042 56,53 931 165 67 166 
1.12 1.036 53.62 869 192 67 141 
1.28 1.037 52.14-8 832 170 59 139 
1.28 1.032 47.89 975 203 72 152 
1.20 1.03^ 4- 51.31 1058 179 65 153 
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fable C. Individual data on chemical analysis of 
pork tissue. Bjtperiment 5l3B» 
Ration 
Treat­ % HgO in Tissue Pat in Tissue 



































































































































































































Table G (Continued) 
Ration Phosphorus (ng/^gm) 
Treat- % Mltrop;en in Tissue in Tissue 












































































































































































































(PPM Fresh Basis) 
Kidney Liver Spleen Loin Liver Loin 
Basal 2 2 0.1|. 0.6 0.024 0.032 
1 3 0.5 0.4 0.024 0.067 
3 2 0.8 0.6 0.008 0.070 
+ %2 6 10 1 1.0 0.008 0.028 
6 10 3 .6 0.016 0.076 
6 8 2 .8 0.024 0.048 
+ Go 3 5 0.6 0.8 0.024 0.039 
7 4 1.0 0.7 0.080 0.076 
9 2.0 0.8 0.159 0.028 
BT p + Co 6 9 1.5 0.7 0.111 0.068 
8 3 1.0 0.8 0.030 0.044 
15 7 2.0 0.9 0.111 0.039 
Antibiotics 
Basal 0.9 2 0.5 1.0 0.032 0.020 
4.0 f-' :? 0.9 1.0 0.008 0.032 
1.0 2 0.8 1.0 0.008 0,039 
+ BTO 11 10 2 1.0 0.029 0.039 
«Wifiiil 11 10 2 1.0 0.032 0.060 
9 26 3 1.0 0.008 0.068 
•f C o 2 2 0.8 1.0 0.056 0.110 
2 2 0.7 1.0 0.040 0.036 
2 2 0.6 1.0 0.063 0.067 
+ B** o Co 10 10 3 1.0 0.056 0.037 JL£- 10 10 1 1.0 0.063 0.055 
7 7 2 1.0 0.016 0.032 
Table D. Analysis of variance of chamical analysis of tissues from 








Fat Nitrogen Phosphorus Vitamin 83^2 Cobalt 
Kidney Litters 2 1.83 5.67 0.72 0.005 62.15 
Treatments 3 16.17 0.62 5.17 121.30 
5I2 Co 



















Expt»l. Error 6 0.52 4.85 0.55 0.34 23.78 
Liver Litters 2 l-3k 22.13 0.63 1.23 8.59 0.01103 
Treatments 3 o.Si 9.12 0.09 1.58 129.11 0.08476 
®12 
Co 





















ixpt'l. Error 6 0.86 15.26 0.53 0.29 1.53 0.01848 
Significant at P = 0.05 or less. 
Table 23 (Continued) 





I^etidom HgO Pat Ifitrogen Pile spliorus Vitamin Cobalt 
Spleen Litters 2 1,02 20.17 0.18 1.70 4.78 





















Expt'l. Error 6 2.95 20.56 0.20 0.62 1.1+2 
Loin Litters 2 1.53 90.79 0.05 0.04 0.65 0.00811 
Treatments 3 0.52 ll}.9.20 0.60 0.50 0.19 0.00117 







































Expt'l. Error 6 0.88 37.71 0.02 0.06 0.08 0.00521 
Significant at P = 0.05 or less 
a^bl® 1* Anaiysia of mri«nc« of chetaicai analysia of ttaaaes fj^ ai 
plga on aatibiotie »«ppl«®iitaa r«tloJis* E"ap©rla®at S'13B-» 




of fT^adcm HgO Fat Ifltrogen Phosphorus ¥ltaalti Cobalt 
Kidney Litters 2 2.93 15.36 0.76 1.41 10.86 0.00831 
3 y • 3® 2.74 0.97 0.23 261.92 0.04554 
f iz Co 






















Expt»l, Error 4 0.83 2.31 0.63 0.35 8.16 0.01314 
titters 2 1^.36 14.30 1.60 3.16 54.64 




















Escpt*!. Error 6 1.30 3.03 1.83 1.02 115.64 
^Significant at P « O.OS or l®ss. 
Table E (Continued) 





Freedom Fat Nitrogen Phosphorus Vitamin Cobalt 
Spleen Litters 2 0.39 2i|..22 0.76 3.73 0.29 






















Expt'1. Error 6 1.16 2.98 0.I1.0 0.72 1.07 
Loin Litters 2 2.69 32.88 0.59 1.16 0.36 0.00333 

























Expt'l. Error 6 0.59 11.82 0.38 1.23 0.23 0.00814.6 
'^Significant at P s 0,05 o3r less 
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Table P. Individual observations on average daily 
gain, daily feed, and feed per 100 pounds 
gain. Experiiaent 
Ration Av. Av. 
Treat­ Initial Final Daily Daily Peed Per 
ment Wt. Wt. Gain F^ ed 100# Gain 
Basal 23 0.96^  2.58"^  269® 
21+ 96 0.89 2.35 26k 
23 9i+ 0.88 2.35 268 
+ BI2 2> 95 1.01 2.1+3 2i+0 
23 .9i+^  2.29^  21+3^  
25 w> «w 2.25^  232^  
+ P 26 1.28^  2.94* 228® 
25 96 1.18 2.65 225 
21}. 97 1 • 2i|. 2.78 225 
+ Bi2 ? 26 96 1.19 2.1^ 7 209 
29 95 1.12 2.51 221+ 
26 100 1.35 2.71 201 
Antibiotics 
Basal 30 95 1.18 2.32 238 
27 98 1.03 2.55 2ii.8 
21+ 96 1.01+ 2.55 2lii+ 
+ BI2 25 «w «• 1.21^  3.02^  21+9^  
21 96 1.17 3.00 257 
30 95 1.10 2.58 231+ 
+ P 2? 107 1.51 3.66 21+2 
29 1.30^  3.0k« 233^ 
25 98 i.2lj. 2.50 207 
+ B-i p + P 26 96 1.27 2.93 230 
33 99 1.12 2.63 235 
28 98 1.32 2.83 211+ 
^Estimated values. 
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Table G. Individual observations on average back-fat 
thickness, specific gravity, and organ weights. 
Experiment 
Ration 
Treat- Back- Specific Liver Adrenal Thyroid 
ment Pat Gravity ^is. gtaa gms. 
































































































































































































^ %2 J' 68.9 
69.5 
70.0 
10.3 
10.0 
10.1 
11.63 
11.72 
10.83 
^Estimated values. 
